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By W. H. Lone, Forest Pathologist, and R. M. Harscu, Assistant in Forest Pathology, 
Bureau of Plant Industry, United States Department of Agriculture! 


INTRODUCTION 


The study of wood-rotting fungi by means of cultures on artificial media 
has been very meager in the past compared to the almost universal use of 
cultural methods by bacteriologists and workers with strictly parasitic 
fungi. A critical study of the existing literature on cultures of wood- 
rotting fungi develops the fact that much of this work was either not done 
under proper control conditions where the purity of the organism under 
investigation was guaranteed or the media used by many of the workers 
consisted of pieces of wood, bread, dung decoctions, etc., and not artificial 
media of such a character that others could reproduce the media, growth 
conditions, etc., and thus repeat and verify the experiments. 

Brefeld (z-3)’, Falck (5-7), Humphrey and Fleming (8), Lyman (zz), 
Rumbold (72), and Zeller (73, 14) are some of the workers who have made 
cultural studies of a number of hymenomycetous fungi on a rather exten- 
sive scale. However, the line of investigation followed by most of them 
has been more along the lines of polymorphism in spore forms, enzymic 
action, the rot caused by each fungus, and the prevention or control of 
these fungi in the rotting of structural timber rather than a critical study 
of their cultural characters on artificial media. Probably the most seri- 
ous drawback to investigators in working with wood-rotting fungi, espe- 
cially the Polyporaceae, has been the fact that it was not possible under 
conditions used by them to obtain with any degree of certainty the sporo- 
phores of the various fungi on artificial media. 

This paper deals with two lines of investigation of fungous activity 
when grown in pure cultures: (1) A method by which various woo d-rotting 
fungi can be differentiated from each other by their cultural characters 
alone when grown upon artificial media; and (2) a method by which the 





1 The writers are under obligations to Dr. E. A. Burt for assistance in identifying the various species 
of the Thelephoraceae, and to Dr. W. A. Murrill for identifying the more difficult species of the Polyporaceae 
discussed in this paper. 

2 Reference is made by number (italic) to “ Literature cited,’’ pp. 81-82. 
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fruiting bodies or sporophores of wood-rotting fungi can be produced from 
pure cultures on artificial media. In this paper the writers have only 
given in a general way the results of somewhat extended investigations 
on many species of wood-rotting fungi, leaving for a later article a large 
amount of detail and the discussion of special methods and culture media 
which they have found very valuable in working with this group of 
organisms. 
GENERAL METHODS OF EXPERIMENTATION 


ORIGIN OF CULTURES 


The initial cultures of all of the wood-rotting fungi under investigation 
by the writers have been obtained from the three following sources: 
(1) Small pieces of diseased wood, (2) small pieces of sporophores, and 
(3) spores. Pieces of inoculum 4 or 5 mm. in diameter have been found 
to be better than smaller pieces. The old idea that the smaller the piece 
the freer it is from contamination is good reasoning theoretically, but in 
actual practice pieces of the size mentioned above have been found more 
viable than small bits and as free from contamination. The larger the 
piece the greater are the chances of viable mycelium being present. The 
pieces should be inserted endwise into the middle of the agar slant until 
about one-half of the wood is buried in the agar. Care should be taken 
to avoid, as far as possible, burying the wood in the agar, since the cover- 
ing of agar excludes the air and either retards or prevents entirely the 
fungus from starting on the culture medium. A pair of long-handled 
scissors or forceps are especially suitable for this work. 

In initial cultures the writers have found it very convenient to use a 
series of 10 tubes, including 2 tubes each of carrot, malt, cornmeal, 
prune, and parsnip agars. These agars have been found to give a fairly 
good growth of mycelium, and at the same time indications of the fruiting, 
cultural characters, etc. of the organism may be obtained even from 
these initial cultures. 

The writers have made approximately 10,000 cultures of wood-rotting 
fungi in their preliminary studies here reported. All of the inoculations, 
both initial and subcultures, have been made in an open room without 
the use of any special inoculating chamber. The percentage of pure 
subcultures obtained when the original tube was uncontaminated has 
been very high. For instance, out of 1,000 transfers recently made only 
7 contaminated tubes were found. 


METHODS USED IN MAKING SUBCULTURES 


The writers desire to describe here a method which they have found 
very useful in making transfers of fungus cultures when 10 or more 
transfers are to be made from the same tube. The instruments used in 
these transfers are a pair of long-handled scissors made by lengthening 
the handles of a pair of dissecting scissors, a small square glass jar with a 
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triangular section cut out of the aluminum screw top large enough to 
hold the plug from the mother tube, and a salt-mouth bottle (holding 300 
or 400 ¢. c.) filled about two-thirds full with 95 per cent alcohol. The 
blades of the scissors used in making the transfers are kept in this 95 
per cent alcohol when not in actual use. The glass jar and top are cleaned 
by washing in hot water and then dried before using. The opening in the 
top is thoroughly flamed over an alcohol lamp or Bunsen burner and the 
jar is placed on its side with the triangular opening toward the operator. 
During the actual inoculation the cotton plug from the mother tube is 
placed in the triangular opening with the lower end of the plug inside the 
jar in such a manner that only the sharp edges of the top of the jar come 
in contact with the cotton plug. In this position the plug is protected 
from outside contamination and at the same time the hands of the 
operator are left free to handle the scissors, two culture tubes, and the 
cotton plug from the tube to which the transfer is being made. 

In making the transfers of certain standardized series it was necessary 
to obtain small inocula as near the same size for each transfer as possible. 
The ordinary inoculating needles and loops made either of platinum or of 
iridio-platinum are too soft and in other ways unsuited for making 
transfers of fungus mycelium. The writers therefore adopted the use of 
the scissors for such work, since by using them the mycelial layer on the 
surface of the agar in the culture tubes can be readily cut and any desired 
size of inoculum transferred without loss of time and with a minimum of 
outside contamination. 


VEGETATIVE CULTURAL CHARACTERS ON ARTIFICIAL MEDIA 
MEDIA USED 


In studying the cultural characters of the various fungi as outlined 
under No. 1 of the introduction, the following general system was adopted : 
A series of 10 different culture media in agar was used for each fungus. 
These 10 media were (1) 1.5 and 2 per cent carrot agar, +3.5 to +5.0; 
(2) 1.5 and 2 per cent malt agar, +7.0; (3) 1.5 per cent beet agar, +2.5 
and +3.0; (4) 1.5 per cent celery agar, +9.5 to +15.5; (5) 1.5 per cent 
bean agar, +1.0 to +1.5; (6) 1.5 and 2 per cent corn-meal agar, +0.25; 
(7) 1.5 and 2 per cent prune agar, +1.0 and +1.5; (8) 1.5 and 2 per 
cent alfalfa agar, +13.5 to +15.5; (9) 1.5 per cent parsnip agar, +9.0 
to + 13.5; and (10) 1.5 and 2 per cent potato agar, +2.0and +3.5. The 
acidity of the media here given is based on Fuller’s scale and is the actual 
acidity of the media after tubing and as used in the cultures. 

In any series of a given fungus each corresponding agar for each strain 
had the same percentage and the same acidity. For instance, there were 
nine strains of Trametes pini compared. The carrot agar used for each of 
these nine sets was 2 per cent and had an acidity of +3.5. 

The writers selected the 10 media for the study of the cultural characters 
of the different fungi not with a view to obtaining vigorous growth but 
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to get media on which the growth on each would be different for the same 
organism. In other words, the media used were not intended to develop 
general characters but specific ones which might differentiate the fungus 
under investigation from other closely related species. 


NUMBER OF TUBES OF EACH MEDIUM INOCULATED 


One tube of each of these 10 media was used in the series for any given 
fungus. Better results would probably have been obtained by using 
three or more tubes of each medium rather than one, but the writers could 
not do this in their preliminary work for lack of sufficient equipment. 
However, in a great majority of cases it is believed that accurate results 
were obtained with these series of 10, since many of them have been 
repeated to the fourth and fifth subcultures with different batches of 
media, and the resulting characters when grown under the conditions 
described below were practically identical for each subculture of the 
fungus for each medium. 


POSITION OF CULTURE TUBES IN REFERENCE TO GRAVITY. 


After inoculating the series of 10 tubes, they were placed in a horizon- 
tal position, side by side, in shallow boxes with the surface of the agar 
slant uppermost. The boxes were from 2 to 4 cm. deep and about 14 
to 14.5 cm. wide. The culture tubes (150 mm. long or longer) had their 
tops resting on the upper edges of the boxes and were therefore tilted at 
a slight angle. These boxes were then placed on shelves in front of 
windows with a western exposure where they received all of the diffused 
light which came through and during the afternoon received the direct 
rays of the sun from one to four hours daily. Under these conditions 
the agar in the tubes gradually dried and the upper portion of it separated 
from the glass, leaving a space of varying depth between the agar and the 
glass, on which the aerial mycelium could grow even to the bottom of 
the tube. 

AMOUNT OF DIRECT SUNLIGHT CULTURES RECEIVED 


The earlier cultures of the writers received only one or two hours of 
direct sunlight. As the season advanced, the quantity of direct sunlight 
received became greater, until finally the amount received was judged 
to be too great and the intensity of the direct sunlight was decreased, 
first, by a single screen of cheesecloth tacked over the front of the frames 
holding the culture tubes. Later, a second piece of cheesecloth was 
tacked over the first one. The general effect of the sunlight on the cul- 
tures in the tubes thus exposed was to check the growth of the fungi, 
compared to similar tubes when placed in very weak, diffused light or 
absolute darkness. The sunlight also seems to intensify the colors of 
the aerial mycelium when it is normally other than white. 
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TEMPERATURE RECORDS 
During the entire time the cultures were under observation, two 
thermographs were run continuously. One was placed on the shelf 
with the fungi exposed to sunlight. A soil thermograph was used to 
record the temperature of the tubes kept in the dark. 


DEFINITION OF TERMS USED 


It was found early in the study of the cultural characters of the fungi 
under consideration that a set of descriptive terms especially adapted 
to the cultures of fungi grown under the conditions here described would 
have to be used. The terms employed in the tables in this paper and 
in the body of the text are those usually found in ordinary botanical litera- 
ture, but they have been modified somewhat to fit the conditions ob- 
taining for fungus growth. The fungus growth on artificial media is 
divided by the writers into two general classes, aerial and submerged. 
The aerial mycelium consists of that which is on or above the surface of 
the agar; the submerged mycelium includes all that is beneath the surface 
of the agar. 

Great difficulty was found in obtaining appropriate terms which 
would express the character of growth of the aerial mycelium. In de- 
scribing this aerial growth terms which are usually used in describing 
the pubescence of leaf surfaces have been employed. In other words, 
the surface of the agar is considered as the surface of a leaf and the 
character of the mycelium growing on this surface is discussed in terms 
of leaf pubescence with some minor modifications made necessary by 
the character of the organism under discussion. The following terms as 
used by the writers require special definition, since they depart in some 
instances from the usually accepted definitions of these terms: 

Appressed: Mycelium which is prostrate on the surface of the agar. This with 
many fungi is the first stage in the aerial growth of the mycelium. Later this appressed 
mycelium may give place to other forms. 

Cobwebby: Long, weak, intertangled hairs which are not thick enough to be either 
woolly or felty and are not short enough to be considered as downy. 

Cottony: Erect, rather long (3 to 5 mm.) mycelium spreading in all directions. 

Downy: Short, fine hairs, loosely scattered over the surface of the mycelium, giving 
it a downy appearance. 

Felty: Matted with intertwined hairs, resembling felt. 

Floccose: Scattered patches of short mycelium. 

Plumose: Tufts of mycelium with a central axis from which short hyphae radiate. 

Silky: Long parallel threads of mycelium, more or less prostrate, like combed silk. 

Sodden: Mycelium having a water-soaked appearance; usually such mycelium is 
appressed. 

Subfelty: A thin layer of mycelium consisting of short intertwined hairs. 


Velvety: Layer of mycelium with distinct, dense, straight, short hairs like pile of 
velvet. 


Woolly: A dense mass of mycelium consisting of long, tortuous, matted hairs. 
Cottony and woolly may both later become felty by the long hairs becoming matted 
and prostrate. 
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Hyphenated compound words, like ‘‘appressed-downy,” “‘felty- 
woolly,” indicate a condition intermediate between the two names, while 
“downy to appressed’’ means that the older portions are downy, while 
the younger portions are appressed. 

In all of the tubes the growth of the fungus is both lateral and longi- 
tudinal. Of course, the lateral extension is very limited, since the inside 
diameter of the tubes is only about 20 mm., while the length varies with 
the length of the agar in the tube. The first record for growth shown in 
all the tables is always that of the lateral growth. For instance, a record 
showing 20 by 30 mm. means that the lateral growth was 20 mm. and the 
longitudinal 30 mm. When the same set of figures are repeated for two 
intervals of time, like 60 days, 20 by 80 mm., and 80 days, 20 by 80 mm., 
this indicates that the growth of the fungus had reached the bottom of 
the tube at the first record given and would therefore be the same for the 
second interval of time. 


IMPORTANT DIFFERENTIAL CRITERIA 


The following criteria have been found of value in the differentiation 
of the various species: (1) Macroscopic characters, including rapidity 
of growth, color of aerial and submerged mycelium, character of aerial 
mycelium such as to texture, etc., staining of the agar, decoloration of 
the agar, the comparative rate of growth between the aerial and sub- 
merged mycelium, especially when the submerged mycelium is colored 
and markedly in advance of the aerial; (2) microscopic characters, such 
as septation, branching, size and color of hyphz, clamp connections, 
polymorphism in spore formation, etc. A few of the species of Polypora- 
ceae examined by the writers have in addition to the usual basidiospores 
other spore forms variously known as conidia, oidia, chlamydospores, etc. 
These various nonbasidiosporic forms may be divided into two general 
groups, spores which are borne on the aerial hyphae and the so-called 
spores which are borne on the submerged hyphae, often referred to as 
chlamydospores. The latter have been found by the writers to be more 
widely distributed in the Polyporaceae than the aerial spores and their 
presence and characters as well as those of the aerial should always be 
noted, since they are of great diagnostic value. 

It will be noted from the tables that certain fungi have colorless or 
white aerial mycelium throughout on certain agars, while others have 
colored depending upon the agar used. Such color differences are very 
important, since they are usually constant for a given species on a given 
agar. 

In some species of the fungi examined the submerged mycelium in 
certain media is constantly colored, while in other species, whether the 
submerged mycelium is colored or colorless, seems to depend upon certain 
environmental factors, such as the amount of moisture present in the 
medium or the acidity or alkalinity of the medium. 
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Some of the most important criteria for distinguishing different but 
closely related fungi are found in the first 10 or 15 days of the growth of 
the subcultures, such as rapidity of growth, color changes in the myce- 
lium, staining of the agar, decoloration of media, etc. Important char- 
acters which are sharply defined at one stage of growth often disappear 
or are obscured by the later mycelial development; and for this reason 
the cultural data in the tables have been given for several periods of 
time in the growth of the cultures, say at 10, 20, and 30 day intervals. 


INFLUENCE OF SUNLIGHT ON CULTURAL CHARACTERS 


One of the special benefits which seems to be derived from exposing 
cultures to the sunlight is the accentuating of the color characteristics 
and toning down of the mycelial growth of the fungus, thereby making 
it more characteristic and uniform for a given species than when placed 
under similar conditions in the darkness. 

The differentiation of the characters of the mycelium produced, both 
as to texture and color of the aerial mycelium, is very much more marked 
when the cultures are grown in the presence of light at ordinary room 
temperatures than when grown in incubators at the optimum and con- 
stant temperature for the mycelial growth of the fungus under considera- 
tion. This probably explains why no one up to the present time has 
seriously attempted to differentiate the various species of wood-rotting 
fungi by means of cultural characteristics alone. 

Furthermore, the cultures when grown in darkness and at a more 
or less constant and high temperature overrun very rapidly the surface 
of the agar in the tube, thus obscuring the real growth of the fungus as 
observed in the cultures subject to daylight conditions. 


GROWTH OF WOOD-ROTTING FUNGI ON AGARS 


TEXTURE.—In the growth of wood-rotting fungi on agars the fungus 
as it spreads from the inoculum on to the surface of the slant proper 
assumes certain well-defined stages in its growth, which may be roughly 
divided into two general divisions: (1) Fungi whose advancing young 
mycelial zone is appressed and (2) fungi whose advancing zone is downy, 
felty, woolly, etc. There is but little real difference between these 
two methods of growth, since as a rule the character of the mycelium 
first to appear is appressed. If the true aerial mycelium, in contra- 
distinction to that which is strictly prostrate on the surface of the agar 
keeps pace in its growth with the appressed mycelium, the zone of growth 
will be downy, felty, woolly, etc. If, on the other hand, the growth of 
the strictly aerial mycelium is much retarded, the appressed mycelium 
will present a well-defined zone from one to several millimeters across. 

The appressed mycelium is usually either colorless or both colorless 
and sodden, and from this the true aerial mycelium usually develops. 
The cottony mycelium as a rule does not persist in this condition for 
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any great length of time. The long, divergent, aerial strands usually 
become more or less compact and finally felty. The usual steps in the 
growth of the mycelium of a fungus are first appressed, then downy, 
then felty, woolly, etc. Cottony mycelium usually develops the cottony 
stage immediately from the appressed condition. Many of the fungi 
pass so rapidly from the downy to the felty or woolly stage that it is 
unnecessary in the description to indicate that there is an intermediate 
downy stage. 

CoLiors.—The colors of the fungus as a rule follow certain definite 
changes. Excluding the color of the mycelium on the inoculum, the 
first color which usually appears in the early stages of the fungus will 
be either colorless or white, depending to a considerable extent on 
whether the young mycelium is appressed or downy. The next step in 
the color changes will be for the older whitish areas to become light 
buff', warm buff, antimony yellow, etc., if the fungus happens to belong 
to some of the brown polyporaceae. As the culture ages, the color of 
the mycelium on the older areas will assume a deeper and deeper tone 
until finally a color is reached beyond which no appreciable change is 
observed. In the large majority of cases the color of the older mycelium 
constitutes a rather extended area compared to that of the younger 
zone. In practically every instance the cultures obtained from any 
given fungus on at least several of the culture media will approach very 
closely the color of the sporophores as they appear in nature. For 
instance, if one is attempting to grow cultures of Polyporus dryophilus, 
Fomes texanus, or other brown fungi, one would expect to have at least 
several of the culture tubes with brown mycelium similar to that of the 
fungus. 

TABLES SHOWING CULTURAL CHARACTERS 


In this preliminary report only a few tables are given out of a large 
number which the writers have complied on the cultural characters 
of certain species of wood-rotting fungi. The following species having 
brown sporophores are given to illustrate the close resemblance in colors, 
texture, etc., of the same fungus on different hosts: Four strains of 
Fomes texanus (Tables I-IV) and two strains of Polyporus farlowit 
(Tables V-VI). 





1 The colors used in this paper are according to the following standards: 


Rmwcway, Robert. COLOR STANDARDS AND COLOR NOMENCLATURE. 43 D., 53 col. pl. Washington, 
D.C., 1912. 
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DISCUSSION OF CULTURAL TABLES 


Fomes texanus. The cultural characters for all of the four strains 
show remarkable uniformity for each of the corresponding agars in the 
series of ten. This fungus seems to be more susceptible to differences 
in the amount of sunlight it received than any species thus far inves- 
tigated. When the intensity of the sunlight was diminished by the 
cheesecloth screens previously mentioned, this species on several of the 
agars immediately responded to the decrease in light by making a more 
vigorous growth and turning a lighter shade of brown. 

Polyporus farlowii. This fungus is also very uniform in growth on 
each of the 10 agars as the tables show. When grown in the dark, the 
strain from Acer negundo developed a submerged mycelium on prune 
and corn-meal agars which was Mars brown in place of colorless. Whether 
this change in colors of the mycelium was due to the darkness is doubtful 
since the other strain from Populus italica when grown in darkness still 
retained its colorless mycelium the same as when grown in the light. 

Series were grown of nine strains of Trametes pini obtained from 
material collected in four States and growing on seven hosts—viz, Pinus 
echinata, P. flexilis, P. ponderosa, Picea engelmannit, Pseudotsuga taxi- 
folia, Abies arizonica, and A. lasiocarpa. ‘This series represented sub- 
cultures ranging from 1 to 7. While there was some slight variation, 
especially in the colors of the mycelium of the various strains, the dif- 
ferences were not so marked as to constitute real specific characters. 
There was practically no difference between the cultural characters 
obtained from the different subcultures. This would indicate that the 
general fundamental characters of the fungus are not materially changed 
through successive subcultures, at least in this instance to the seventh 
subculture. 

As will be noted from the temperature record, there was rather a wide 
variation in temperature during the time the various series of cultures 
were growing. Nevertheless the general cultural characters as shown in 
tables are practically identical. This identity of characters for a given 
organism on a given culture medium is still more marked when a series 
of from three to six tubes of the same agar for the same strain is made 
at the same time and then compared as the growth progresses. 


CULTURAL CHARACTERS FOR DIFFERENT STRAINS OF SAME FUNGUS 


The sources of the initial cultures from the nine strains of Trametes 
pini were five from sporophore tissue and four from infected wood, rep- 
resenting seven hosts, while the cultures from Fomes texanus all were 
from tissue but from two hosts. The Polyporus farlowii cultures were 
both from tissue but from different hosts. A careful comparison of the 
cultural characters of the various strains of each of these fungi shows 
no appreciable differences between cultures of a given fungus whether 
obtained from infected wood or from sporophores; neither do the hosts 
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of the fungus seem to make any marked changes in the fundamental 
cultural characters, as is clearly shown in the various tables when strains 
from different hosts are compared. There may be minor differences 
due to the host from which the strain came, but nothing more. 

The comparison of the cultural characters of many species of parasitic 
fungi has long been recognized as a reliable index to the identity of the 
fungus under investigation, and there is no reason why the cultural 
characters of wood-rotting fungi which are just as uniform and depend- 
able should not be used for identification purposes. 

The writers have purposely avoided going into a discussion of the 
results of the use of synthetic agars and of other special media, as these 
will be taken up in a later article. They have presented here the results 
obtained from agars easily made and apparently of a uniform enough 
composition for similar cultural characters to appear on different batches 
of the same agar even when the acidity, alkalinity, and water content 
vary considerably. Just how great a variation in these factors must 
occur to produce a decided change in the cultural characters is a problem 
for future investigation. 


EXAMPLES OF THE DIAGNOSTIC VALUE OF CULTURAL CHARACTERS 
IN SPECIES DETERMINATION 


In comparing the cultural characters of closely related but really dis- 
tinct species marked and constant differences in the character of the 


mycelium will be found on certain corresponding agars in the series of 
cultures representing the two species, while if the two fungi are really 
the same species no constant differences of specific rank will be found. 
The following fungi will illustrate the diagnostic value of the cultural 
characters in determining the real position of the species. 
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Tables VII to XII show the cultural characters on the 10 agars for 
Fomes rimosus (two strains) from Acacia roemeriana (catclaw), F. 
rimosus from Stderocarpos flexicaulis (Texas ebony), F. rimosus from 
Prosopis juliflora (mesquite), F. robiniae from Robinia neomexicana and 
a species of Fomes from Juglans rupestris (?). A study of these six 
tables fails to show any marked and constant differences in cultural 
characters for any of the 10 agars for the six strains given, although four 
of the six strains represent Fomes rimosus, one F. robiniae and one a 
Fomes on Juglans rupestris (?) which the writers have been referring to 
F. everhartii. Some of the cultures on carrot, malt, and parsnip show 
slight color differences, but none great enough to be of any specific value. 
On parsnip and malt, the submerged mycelium for all of these strains is 
colored, while carrot has colored to colorless mycelium. The dominant 
characteristics of Fomes rimosus is seen on beet, celery, bean, and alfalfa 
agars. On each of these agars there is but little really aerial mycelium 
which is downy to mainly appressed, while the submerged mycelium 
extends far beyond the aerial mycelium, giving a peculiar and very 
characteristic glassy appearance to the surface of the agar. This peculi- 
arity of growth of the submerged mycelium on these four agars is seen 
in all of the six strains and indicates that they are one and the same 
species—viz, that Fomes robimiae is only a form of F. rimosus, as many 
scientists have always believed, and that the specimen of Fomes sp. 
supposed to have been collected on Juglans rupestris also belongs to this 
species. These six examples show how valuable the cultural characters 
can become in determining the specific position of closely related or 
identical species. Only one viable sporophore of the Fomes supposed to 
have been collected on J. rupestris was available for culture work, and 
since this specimen may have been wrongly labeled as to host, the 
writers do not wish to place the Fomes so common on J. rupestris through- 
out the southwestern United States as belonging positively to Fomes 
rimosus until further cultures with specimens absolutely known to have 
grown on this host have been made. 

The cultural characters of Fomes everhartii, F. arctostaphyli (ro), F. 
igniarius from Populus tremuloides, and a species of Fomes from Alnus 
sp., sent to the writers as F. igniarius, when compared showed that the 
Fomes from Alnus is more closely related to F. arstostaphyli than to 
F. igniarius from P. tremuloides, but that it is apparently neither of 
these two species; nor did it have any of the cultural characters of F. 
everhartit. In this instance the sporophore from Alnus sp. was very 
similar in all its characters to the sporophore of F. igmarius from P. 
tremuloides, yet the, cultural characters instantly showed the two were 
not the same species. 

Polyporus farlowii, P. dryophilus, and P. texanus are three closely 
related species which differ but little in their general sporophore charac- 
ters. Tables V, VI, XIII, and XIV show the cultural characters of each 
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of these three fungi. The cultural differences between P. texanus and 
P. dryophilus are much more marked than those between P. farlowii 
and P. dryophilus. A study of the tables giving the characters of these 
three fungi at once shows marked and constant differences between each 
of the three species. It will be seen that general color resemblances are 
not as distinctive in differentiating specific characters as are certain 
other factors. Many of these species have a buckthorn brown color on 
several of the agars, which indicates their general relationship while 
specific characters must be sought in the differences of growth on certain 
agars. 

The difference in the fruiting of related species on the various agars is 
also of much value in differentiating species. For instance, P. farlowit 
fruits vigorously on several of the ten culture media producing perfect 
and typical pores, P. dryophilus very rarely fruits on the culture media 
here given unless the inoculum is fresh sporophore tissue, while P. texanus 
has so far fruited on only two of them. 


IDENTIFICATION OF UNKNOWN ROTS BY CULTURAL CHARACTERS 


The cultural character method here given can be used to determine 
what fungus produces a given rot. In a large majority of cases rots, 
both heart and saprophytic, will be found without any sporophores 
being present to indicate what fungus produced the rot. If careful 
inoculations are made from such infected wood, it is a comparatively 
easy matter, as a rule, to obtain pure cultures of the causative organisms 
and later grow them again on the 10 media given, thus determining their 
cultural characters and from them the fungi producing the rots. 

The number of species of fungi producing heartrots in living trees is 
not very great. A few of them produce rots which can usualfy be 
identified by the character of the rot alone, such as Trametes pini, but 
the great majority of them can not be certainly determined by the rot. 
For instance, the rot produced in conifers by Polyporus schweinitzii, 
P. sulphureus, and Fomes laricis are so similar that no one can be certain 
by examining the rot alone which of these three fungi was the cause of 
the rot in question. 

The rots of structural timbers are more numerous than the true 
heartrots and the causative organism producing each rot is more difficult 
to determine from the rot alone, since the majority of the structural- 
timber rots are very similar in general appearance. Most of these rots 
are of the carbonizing type, where a brownish, brittle rot is produced 
which on dessication breaks up into little cubical blocks of varying sizes. 
Pure cultures from these structural timber rots will differentiate them - 
as to their causative organisms at once. The value of such means of 
determining the causative organism from the rot in the absence of any 
sporophore is very evident to anyone who has had to deal with such rots. 
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EXAMPLES OF IDENTIFICATION OF UNKNOWN ROTS BY CULTURAL 
CHARACTERS 


The following examples illustrate how the cultural characters here 
described may be used to determine the causative organism of unknown 
rots: 

(a) There are two common heartrots found in conifers in the western 
United States. One is the redrot caused by Trametes pini and the other 
is what the senior author has previously called western redrot (9). In 
their early stages of growth these two rots resemble each other very 
much. Pure cultures from each of them differentiate the two immedi- 
ately, since the pure cultures of the fungus which causes western redrot, 
called previously Polyporus ellisianus, produces entirely white cultures 
on all of the 10 media, while the cultures of Trametes pini are varying 
shades of brown. 

(b) On a recent field trip in eastern Texas, when the senior writer was 
studying the rots of bridge timbers and railroad ties, he often found a 
certain rot in driven bridge piling made of creosoted longleaf pine (Pinus 
palustris). At that time in the year there were no fruiting bodies present 
on the rotting piling and the question at once arose as to what fungus 
was the cause of this serious rot. From the peculiar odor of the freshly 
opened wood as well as the character of the rot it was believed that it 
was caused by Lentinus lepideus, but nothing could be determined 
definitely from an examination of the rot alone. Specimens of the 
rotted piling were forwarded to the laboratory and cultures made from 
them. Pure cultures were obtained showing all of the characters of 
L. lepideus when grown on the 10 cultural media. Later many of these 
cultures developed the typical sporophores of L. lepideus. Cultures of 
this fungus can usually be recognized by the presence of abortive sporo- 
phores which develop on the surface of the agar and also by the presence 
of large, thick-walled, obovate to subglobose spores in the submerged 
mycelium. 

(c) While studying the rots of cypress (Taxodium distichum) ties in 
wet locations in eastern Texas two unknown rots were found in this 
wood. Pieces of the rotting ties were sent to the laboratory and pure 
cultures of two different fungi were obtained. One set of these cultures 
showed all the cultural characters of Lentinus lepideus, while the other 
series produced a sporophore of an unknown species of Poria. 

(d) A rot in the heartwood of Quercus gambelit, collected in New 
Mexico, was determined in the field as caused by Polyporus dryophilus. 
Cultures of the diseased wood gave all of the cultural characters of 
Fomes everhartii and none of those of P. dryophilus. 

(e) A specimen of rot in Pinus ponderosa, which was supposed to be 
caused by Polyporus sulphureus, was received from Oregon. Cultures 
from the wood showed that the rot was unquestionably caused by 
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Lentinus lepideus. Since the rot was sent in as a specimen of heartrot 
found in the western yellow pine in Oregon, the writers are wondering 
whether L. lepideus produces a real heartrot of living pine in that State 
or whether this rot came from a dead area on a livitig or from a dead tree 
which had been attacked by this saprophytic fungus. 

Many other instances could be cited of the determination of the causa- 
tive organism of a rot by use of the cultural methods here outlined. 
Usually it is not even necessary that the sporophore stage should be 
developed, since the vegative cultural characters on the 10 special media 
will usually determine the identity of the fungus. The practical impor- 
tance of such a method of determination is of great value and is easily 
recognized by anyone who has worked for any length of time with organ- 
isms of this character. In fact, one of the worst stumbling blocks to a 
successful study of the various rots of wood, both saprophytic and 
heart rots, has been the lack of methods by which the organisms producing 
these rots could be grown and identified in pure cultures on artificial 
media. 

SPOROPHORE PRODUCTION 

The fact has long been known that the production of sporophores in 
nature in many of the Hymenomycetes was more or less dependent 
upon light. This fact has also been demonstrated for a few species mainly 
by gross cultures on dung decoctions, pieces of wood, bread, etc. 
Buller (4) has shown among other things how the light influences sporo- 
phore production for a few species, mainly Agaricaceae, but none of his 
experiments were made with pure cultures on artificial media. It has 
been taken for granted that light was essential to the formation of 
sporophores of the wood-rotting fungi, including the Polyporaceae, but 
such had never been proved with pure cultures under control conditions on 
artificial media with a sufficiently large number of species to determine 
the actual influence of light as well as other factors on sporophore pro- 
duction. 

The studies here made indicate that there are many Polyporaceae 
which fruit in diffused light of varying degrees of intensity and others 
apparently require the direct rays of the sun to produce perfect spore- 
bearing sporophores, while some can form sporophores in absolute 
darkness. Since this is only a preliminary report, no attempt is made to 
determine a large number of factors which should be ascertained in a 
complete study of this phase of fungus life. For instance, there must 
be a minimum, optimum, and maximum condition as to light, heat, and 
moisture under which a given fungus will produce sporophores. 

It will be seen by consulting Table XVI that only three species, 
Polyporus farlowii, Trametes serialis, and P. cinnabarinus, were able to 
develop sporophores in absolute darkness. Only the first two of these 
fungi produced both sporophores and spores. P. cinnabarinus pro- 
duced fairly typical pores, but no spores were found. 

27805°—18——3 
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METHODS OF EXPERIMENTATION 


In the earlier sporophore study the tubes containing the cultures 
were kept both horizontally and vertically. If the species under investi- 
gation produced sporophores at all, they were able to produce them in 
either position. However, the practice was soon abandoned of placing 
the tubes in a vertical position, since it was found very difficult to obtain 
uniformity in the proper lighting of the cultures and to get spore prints 
from the sporophores produced in such a position. 

The general method followed in the sporophore studies was to take a 
series of tubes on different agars and place them in the same general posi- 
tion that was described in the study of the cultural characters. It was 
found very important early in the study that the slant side of the tube 
should be kept uppermost and that the relative position of the tube 
in reference to gravity and sunlight should be the same throughout the 
experiment. The tubes were so placed that the cotton plugs were 
away from the sunlight and the bottom of the tubes faced the light. 
As soon as there was any indication of a hymenium forming, the tubes 
were placed with the slanting surface downward. After this was done, 
the sporophores usually continued to develop normally, and in due season 
spores would be formed and discharged against the side of the tube op- 
posite the hymenium. 

The first sets of fungi which were kept in darkness were placed in 
pasteboard boxes in a horizontal position and these boxes inclosed in 
other pasteboard boxes. It was found, however, that some diffused 
light reached the tubes in spite of the double-box arrangement. Inside 
one of these boxes the recording tube of the soil thermograph was 
placed, while the registering portion of the instrument was kept on a 
shelf outside the boxes. These boxes were kept on the shelf beside the 
other boxes containing the tubes which were exposed to the direct rays 
of the sun. This was done in order to obtain as near as possible the 
same environment for the tubes kept in the sunlight and those kept in 
the darkness, except for the single factor of light. 

In a later series of experiments, the ones which are recorded in detail 
in this paper, the cultures were kept in pasteboard boxes in a horizontal 
position and these boxes were placed in a photographic dark room from 
which all light was excluded by means of sheets of cardboard being placed 
over the ruby lights. By this arrangement absolute darkness was ob- 
tained for the cultures. The soil thermograph was arranged in the same 
manner in the dark room as when on the outside. Table XV shows the 
highest maximum and minimum, the lowest maximum and minimum, 
the highest and the lowest mean, and the average of the daily maximum, 
minimum, and mean temperatures for each month as recorded by the 
two thermographs. 
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TABLE XV.—Temperature records (°F .) for cultures grown in daylight and in darkness 
























































In light. In dark. 
Date and degree recorded. 
Maximum./ Minimum.| Mean. |Maximum.|Minimum.|; Mean. 
December rhe — 
Highest. . e 80 66 93°°* 75 65 69 
TA rcinsinsingsiecnd os’ 72 55 65 66 57 64 
Averages. sc... 76 61 68 71 6x | 66 
January, 1917: 
[Gere 89 70 17 78 73 74 
pe eee eee 65 52 58 63 58 60 
BOERS 065.5554 79 60 69 71 68 69 
February, 1917: 
re 97 67 81 86 72 78 
eee ee 74 56 66 68 59 65 
Average.......... 87 60 73 77 65 71 
March, 1917: 
Highest ea elie easing 96 72 80 88 80 83 
COR 6. ie hicven 71 50 62 73 62 68 
AVOTNBG sa. 66 06 86. 5 59 72.7 79 68 73 
April, 1917 
MDS 5 et vedas 96 66 77 86 80 80 
IN 65.0 8% Mes cose 69 46 65 68 65 67 
U.S 82 59 70. 5 78.7 70.8 14-7 
a Pa ad 
ighes ee ee ae 100 67 83 17 74 75 
Lomen.. acwake ewes ate 61 49 56 60 57 59 
BOGGS 0% 80 60 70 71 68 69. 5 
June, 1917: ‘ 
aE Cee 110 78 93 92 88 go 
Le eee ree 82 50 68 70 69 7° 
AVEMGC... 6.6055. 96 | 70 | 83 84 80 82 




















EXPLANATION OF TERMS USED IN SPOROPHORE TABLE XVI. 


In Table XVI most of the headings are self-explanatory; however, there are a few 
that need special explanation. The heading for the sixth column is “Inoculum and 
date of inoculation.’’ Under this heading the character of the inoculum used when 
sphorophores were produced is given, as well as the date or dates when each tube 
which produced sphorophores was inoculated. ‘‘Wood’’ means the inoculum used 
was infected wood; “tissue” means pieces of sphorophore tissue, while “malt,’’ 
“potato,’’ etc., signifies that mycelium was used as an inoculum and that it was 
taken from a culture on malt agar, potato agar, etc. “Inoculum as used means 
the piece of wood, tissue, etc., used to inoculate the media. ‘‘ Development period of 
sporophores’’ means the number of days from the time the inoculation was made to 
the first evidence of the formation of a hymenium. 
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Table XVI shows that the authors have obtained under the cultural 
methods described 629 sporophores in the light and 11 in darkness, 640 
in all, representing 4 families (Agaricaceae, Polyporaceae, Thelepho- 
raceae, and Tremellaceae), 16 genera (Coprinus, Daedalea, Exidea, Fomes, 
Ganoderma, Irpex, Lentinus, Lenzites, Merulius, Panus (?) Pleurotus, 
Polyporus, Polystictus, Poria, Stereum, and Trametes), 42 species, and 
97 strains from 65 host species collected in 11 States. If the genera 
given in North American Flora are used, there would be 24 genera, since 
the following 8 genera would be added: Coriollelus, Elfvingia, Inonotus, 
Laetiporus, Pycnoporus, Pyropolyporus, Spongipellis, and Tyromyces. 
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Sporophores were produced when various kinds of inocula were used, 
such as wood, tissues spores, or the mycelium from other cultures and on 
a great variety of artificial culture media. The wide range of genera 
and species covered by this investigation, together with the large number 
of sporophores produced, clearly proves that the sporophore production 
here reported is not an accident, but is a constant and permanent per- 
formance determined in the great majority of cases by the presence of 
light and to a very limited extent by the character of the substratum. 
Aeration and humidity are two other factors which also enter into sporo- 
phores production on artificial media. 


INFLUENCE OF SUBSTRATUM ON CHARACTER OF HYMENIUM 


The influence of the host or substratum on the character of the spore- 
bearing surface is well illustrated in the several strains of Polystictus 
hirsutus when grown in artificial cultures. In all of these strains the best 
developed and well-defined pore surfaces are produced on carrot, malt, 
and parsnip agars. On these the pore surface is fairly typical of that 
produced in nature, both as to size and color of pores. In the prune agar 
the pore surface is usually reduced in the majority of the tubes to a few 
scattering irpiciform spines. On some of the prune-agar tubes the spines 
are not flattened like those of an Irpex, but are round like those of a 
Hydnum. In the corn-meal tubes the hymenium in a large majority of 
cases is very similar to that produced in various species of the Thele- 
phoraceae, being reduced to a smooth or slightly granular surface in which 
there are no definite pores. In all of the tubes (carrot, malt, prune, corn- 
meal, and parsnip agars) there is an enormous production of spores irre- 
spective of the character of the hymenium. In fact, in some of the tubes 
the first evidence of any sporophore production is the deposit of spores on 
the opposite side of the culture tube when even a careful examination 
with a hand lens fails to show any signs of pores or spines. 

The size, shape, and coloring of the pores and tubes produced in artifi- 
cial cultures on many of the agars are practically identical with those 
found in nature for a given species. However, it often happens that in 
abortive sporophores on certain agars the coloring is not as pronounced 
as on agars where the sporophores reach their full development. In 
Polyporus cinnabarinus, for instance, the sporophores produced on 
potato agar are nearly white, while the same strain will produce the 
typical grenadine-red to flame-scarlet pores on malt. 


TRUE PILEI IN ARTIFICIAL CULTURES 


One of the most interesting facts brought out in this investigation was 
that in all of the thousands of cultures made with the hundreds of sporo- 
phores produced not a single one had a typical pileus, unless the fungus 
was a gill-bearing form (Agaricaceae), when the culture tubes were so 
placed that the slant faced the light in such a manner that its rays were 
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more or less at right angles to the agar surface where the hymenium was 
being developed. 

At first it was believed that the absence of pilei was probably due to 
the fact that the tubes were left in a horizontal position and therefore 
pilei had no chance to develop. The same results were obtained when 
the tubes were placed vertically with the slant side facing the light as 
when placed horizontally. Very recently, however, the writers have 
devised a method by which small but otherwise typical pilei have been 
grown on artificial media in the test tubes. The method was as follows: 
In place of arranging the culture tubes so that the light fell directly on 
the slanted surface the tubes were placed in one of two positions (1) 
vertical in opaque boxes in such a manner that the rays of light would 
fall on the tops of and parallel to the tubes and none on the sides or 
bottom, and (2) nearly horizontal, with slanted surface of the agar 
turned downward but with the light again falling only on the tops and 
parallel with the tubes. Typical sporophores were produced by this 
means for Polyporus dryophilus, P. hirsutus, and Fomes rimosus, the 
only species tried so far. Whether this method will produce pilei with 
all species is not known. There are objections to both methods where 
one desires to obtain spores for plating in order to obtain individual spore 
colonies—viz, when the culture tubes are kept vertically the discharged 
spores fall on the agar rather than on the inner surface of the culture 
tubes and when the culture tubes are kept nearly horizontal with the 
slanted surface downward from the first the mycelium grows around the 
edges of the agar onto the glass, thereby covering the surface of the tubes 
where the spores will fall. There is also this further objection to both 
methods—viz, that the agar in drying separates from the glass tubes in 
a very irregular manner in place of from only the top surface as it does 
when the tubes are kept horizontal with the slanted surface uppermost. 


INFLUENCE OF LIGHT ON THE FORMATION OF PILEI 


The pilei of the Polyporaceae always developed in such a manner that 
their tops were directly toward the sunlight. Also the pilei of the 
Agaricaceae when grown in cultures were strongly proheliotropic from 
the very beginning of their formation. This positive heliotropism was 
especially marked when the sporophores of Lentinus lepideus and Pleuro- 
tus ostreatus were developing. The writers tried P. osiveatus in three 
different positions: (1) Culture tubes placed vertically but with the 
lower part so shaded that the light entered at the top of the tube; (2) 
tubes placed horizontally and covered with black paper so that the light 
entered only at the top of the tube and this placed toward the light; 
(3) the third experiment was made in a flask in which the medium was 
slanted on the side of the flask. The flask was placed upright and the 
development of the sporophores from this more or less slanting surface 
was observed. In every instance from the earliest development of the 
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sporophore to the complete expansion of the pileus, the sporophores 
always pointed directly toward the light. In the case of the vertical 
tubes it was to be expected that normally these sporophores would grow 
vertically, since it was presumed that gravity as well as sunlight might 
be a factor in the upward growth of the sporophore. When the tube 
was placed horizontally, a totally different condition existed. In this 
case the sporophore developed directly toward the sunlight but at right 
angles to the force of gravity. In the experiment with the flask the 
upper two-thirds of the flask was covered with dark paper. Ten or 
fifteen sporophores developed on the slanting surface of the agar in the 
flask, all of them without exception pointing downward toward the source 
of light. 

Lentinus lepideus was also grown on a more or less vertical slant with 
the face of the slant turned towards the light. Perfect sporophores 
which developed under these conditions always turned directly toward 
the sunlight. 


INFLUENCE OF GRAVITY ON THE FORMATION OF PORES 


In all of the experiments conducted with the Polyporaceae the formation 
of the pores was always parallel to the action of gravity. If the tubes 
were left in their original horizontal position with the slant side upward, 
pores developed on the slant with their mouths pointing upward, thus mak- 
ing them parallel to gravity. If,on the other hand, the culture tubes were 
placed in a vertical position, the pores were formed on the sides of the 
slant in such a manner that their mouths pointed more or less downward, 
or both upward and downward in some cases and parallel to the force of 
gravity. Infact, the position of the pores of a fungus which produces a 
vigorous sporophore in artificial cultures could be governed at will by 
simply changing the position of the tube in reference to gravity. It seems 
therefore that while light is usually the main factor governing the initia- 
tion of a hymenium, gravity is the dominant force which determines in 
what direction the pores will point, irrespective of the incident light or 
whether the spores when discharged will fall onto the walls of the pores 
or not. 

INFLUENCE OF SUBSTRATUM ON PORE FORMATION 


Although it is a well-known fact that cultures of strictly parasitic 
fungi can fruit on a wide range of media irrespective of the special host 
on which the parasite usually thrives, the idea seems to have been gener- 
ally accepted that some special culture media would have to be used in 
order to obtain sporophores of the Polyporaceae on artificial media in test 
tubes, flasks, etc. The experiments here given show that the same gen- 
eral rule as to food material applies to the wood-rotting fungi as a whole— 
viz, that no special decoction is necessary for each species in order to 
obtain sporophores; in fact, the wide range of artificial media upon which 
many of the Polyporaceae have fruited is rather remarkable when the 
nature of these fungi is taken into consideration. 
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Table XVI shows that there were 56 strains of wood-rotting fungi 
which produced sporophores on malt agar, 52 on corn meal, 48 on prune, 
44 on carrot, 27 on parsnip, 14 on potato, 11 on celery, 11 on beet, 10 on 
bean, and only 1 on alfalfa agar, while there are four of these agars pre- 
eminently suitable for sporophore production—viz, malt, corn meal, 
prune, and carrot, in the order given. 


POSITION OF SPOROPHORES ON MEDIA 


One most interesting fact in reference to sporophore production on 
artificial media is the fact that a very large percentage, probably more 
than 95 per cent, of the sporophores were developed on the upper half of 
the slant. No perfect sporophores have ever been observed by the writers 
other than on the slant, although the agar in the tubes often dries out 
sufficiently to leave ample room for the sporophores to develop from the 
slant to the bottom of the tube over a distance of from 60 to 80 mm. 
Whether this means that the formation of the sporophore was dependent 
upon a small amount of moisture or whether it needed the greater aeration 
which the upper end of the tube afforded is not known. In many in- 
stances, especially with the Stereums, the fruiting surface was formed in 
a narrow zone at the extreme upper limit of the agar slant. The studies 
so far made indicate that an important factor in this case is probably 
the drier condition of the agar at the upper end of the slant. It would 
seem that if the drying of the agar was the only requisite for the forma- 
tion of sporophores that as the agar dries in the lower portion of the 
tube a condition would be reached which would normally produce sporo- 
phores; yet such is not the case. The by-products produced by the 
fungus may be more or less deleterious to the formation of sporophores; 
and, since such by-products would be more abundant in the lower portion 
of the tube than under the slant, it follows that few, if any, sporophores 
would develop there. 


DENSITY OF MYCELIUM AND SPOROPHORE PRODUCTION 


Another very peculiar fact develops that the sporophore production 
usually occurs on that portion of the agar slant where the aerial growth 
of mycelium is the least. If a dense mass of mycelium forms over the 
entire agar slant, the chance for the formation of pores on such a surface 
is materially lessened. This may explain to some extent why sunlight 
plays an important part in the production of sporophores, since cultures 
kept in the dark usually develop a denser mass of mycelium on the surface 
of the slant than corresponding cultures in the light. There are many 
species of fungi which have been tried in both light and darkness in 
which the aerial growth is very limited, even when grown in the dark; 
and still no sporophores were produced when in darkness, but were pro- 
duced in the light. 
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INFLUENCE OF INOCULUM ON SPOROPHORE DEVELOPMENT 


In a few of the species of fungi the interesting fact developed that 
when tissue from sporophores was used for the inocula the presence of 
this tissue materially shortened the development period for sporophores 
on the agar. For instance, in Polyporus albidus from Pinus ponderosa 
(FP 21875), when tissue was used as an inoculum on corn-meal agar, 
the development period of the sporophore was 5 days; when mycelium 
from potato agar was used the development period was 11 days; for 
P. anceps from Thuja plicata (FP 21801), when tissue was used on malt 
the development period for the sporophore was 5 days; when mycelium 
from potato agar was used for the inoculum on malt agar the development 
period was 12 days. This rapid formation of the sporophore when tissue 
was used as an inoculum was characteristic of many of the strains of 
this group of fungi. 

This shortening of the development period of the sporophores is also 
found occasionally in other species of fungi than this group. For instance, 
it was rather marked in Polyporus dryophilus when fresh sporophore 
tissue was used, in various strains of Trametes peckii, and to a slight 
extent in Fomes roseus. In several cases not only was the development 
period for sporophores shortened by the presence of pieces of sporophore 
used as the inoculum, but cultures made from infected wood, mycelium 
or spores produced sporophores only on one or two agars, while the same 
species would produce sporophores on several media when the inocula 
were pieces of sporophores. In those cases where the sporophore tissue 
shortened the development period, the pores usually but not always 
start directly on the tissue inoculum and then spread rapidly often over 
the entire agar slant. In no case was the development of the pores 
limited to the pieces of inoculum, while in many instances the pores 
would start on areas not immediately adjacent to the inoculum. 


SUMMARY 


(1) The following criteria were found of value in the differentiation of 
the various species: (2) Macroscopic characters, including rapidity of 
growth, color of aerial and submerged mycelium, character of the aerial 
mycelium as to texture, etc., staining of the agar, decoloration of the 
agar, the comparative rate of growth between the aerial and submerged 
mycelium, etc. (6) Microscopic characters, such as septation, branching, 
size and color of hyphz, clamp connections, polymorphism in spore for- 
mation, etc. 

(2) The sunlight was found to accentuate the colors and tone down the 
mycelial growth of the fungus, thereby making it more characteristic and 
uniform for a given species than when placed under similar conditions in 
the darkness or in weak diffused light. 

(3) The cultural characters of vegetative development of the various 
strains of a given species of fungus show no appreciable difference between 
cultures of this fungus whether obtained from infected wood or from 
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sporophores; neither do the hosts of the fungus seem to make any 
marked changes in the fundamental cultural characters when strains 
from different hosts are compared. There may be minor differences due 
to the host from which the strain came but nothing more. 

(4) When the cultural characters of closely related but really distinct 
species are compared, marked and constant differences in the character 
of the mycelium will be found on certain corresponding agars in the 
series of cultures representing the two species, while if the two fungi are 
really the same species, no constant differences of specific rank will 
occur. Unknown rots can also be identified by making pure cultures of 
the causative organism from the diseased wood and determining from the 
cultural characters of the fungus thus isolated its identity. 

(5) The presence of light is essential to the production of sporophores 
when grown on artifical media in the great majority of fungi here inves- 
tigated, while the character of the substratum plays only a very minor 
roll in sporophore initiation. 

(6) The medium on which the fungus is grown often governs to some 
extent at least the form of the hymenium which develops. 

(7) The size, shape, and color of the pores and tubes produced in 
artificial cultures on many of the agars are practically identical with 
those found in nature for a given species. 

(8) The pilei of both the Poplyporaceae and the Agaricaceae when 
grown in pure cultures on artificial media are from the very beginning 
of their formation strongly proheliotropic, while the formation of the 
pore tubes in the Polyporaceae is always such that they are placed 
parallel to the action of gravity. 

(9) In a few species of fungi the presence of tissue as the inoculum 
shortened the period of sporophore development from one to several days. 

(10) Workers with wood-rotting fungi now have the following means 
for determining the identity of a given fungus or the causative organism 
of a given rot: (a) The sporophore characters as usually found in nature, 
(b) the characters of the rot produced, (c) the vegetative characters 
developed when grown in pure cultures on artificial media when exposed 
to light, and (d) the characters of the sporophores and various spore 
forms when produced on artificial media. 
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GOSSYPOL, THE TOXIC SUBSTANCE IN COTTONSEED 


By W. A. WirHERS and Frank E. Carruta, 
Chemical Division, North Carolina Agricultural Experiment Station 


REVIEW OF PREVIOUS WORK 


Since our previous publication (17)' on this subject, several articles 
have appeared in which other explanations of cottonseed-meal poison- 
ing have been offered. 

Thus, Rommel and Vedder (14) have suggested that poisoning by 
cottonseed meal is similar to beriberi, and is caused by deficient diets. 
This view was based on the similarity of post-mortem symptoms noted 
in pigs fed on rice and tankage. 

Wells and Ewing (15) have concluded that cottonseed-meal injury is 
due in large part to incomplete diets. 

Richardson and Green (rz) fed white rats and concluded that cotton- 
seed meal and flour are not actively toxic, but contain insufficient 
minerals and possibly inadequate amounts of the fat-soluble growth- 
promoting substance. 

Osborne and Mendel (zo) have secured results similar to those of the 
last-named authors with cottonseed meal and flour, but on subsequently 
feeding raw cottonseed kernels supplied by us, they have corroborated 
the results which we had obtained with the kernels. They admit the 
presence of a deleterious substance in raw cottonseed, but apparently 
still hold the view that cottonseed meal, the product resulting from 
cooking the kernels and pressing out the oil, is nontoxic, at least for rats 
and chickens (9). 

Inasmuch as no comparative experiments with an isolated and purified 
substance have been reported, we present the results of additional 
experiments with various animals to supplement those given in our 
previous experiments, in which rabbits and fowls were used. 

The toxic effect of an ether extract of raw cottonseed has been well 
shown in the rat-feeding experiments described by McCollum and co- 
workers (6) and by Osborne and Mendel (10). This extract contains 
about 2 per cent of gossypol, which is equivalent to about 0.6 per cent 
of the weight of the kernels from which the extract is obtained. Our 
rat diet, containing 20 per cent of this extracted oil, caused prompt © 
decline in grown rats. Osborne and Mendel (ro) used as little as 1 per 





1 Reference is made by number (italic) to “ Literature cited,”’ pp. 100-101. 
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cent of the extract (equivalent to about 0.02 per cent of gossypol in the 
diet) and found that the growth of the rats was greatly retarded. Our 
experiments have led to the conclusion that raw cottonseed kernels are 
highly toxic to rats, but that cooked cottonseed is only slightly toxic. 
Whether cottonseed meal made from cottonseed sufficiently cooked 
with moist heat is toxic to rats seems to depend on the diet in which it 
isfed. Ina short feeding experiment a diet such as was used by Rich- 
ardson and Green (rr) (45 per cent of cottonseed meal, 17 per cent of 
whole milk powder, 10 per cent of starch, and 28 per cent of lard) has 
shown no definite toxic effect ' on our rats even when it contains a 
short-cooked (28 minutes) meal. When the meal is the sole source of 
vitamines, protein, and minerals, we have rarely had such favorable 
growth as is reported by Richardson and Green (rr) and by Osborne 
and Mendel (ro). 

If compared with ether-extracted raw cottonseed or with soybean 
meal, the rate of growth has been very small. The explanation of this, 
according to Osborne and Mendel, might be that the diet was unpalatable 
and that consequently less food was ingested. Unpublished experi- 
ments indicate to us that there still remains something toxic in long- 
cooked cottonseed meals which in restricted diets is objectionable to 
rats, causing a lower food intake, but the effect of which is overcome in 
supplemented diets. 

This seems to be the same phenomenon discussed by McCollum (7), 
who finds that in diets very well supplemented the toxic effect of the 
fat of wheat embryo and other slightly toxic substances is overcome. 
The evidence of a toxic factor of moderate intensity for rabbits and 
pigs is also furnished in our rabbit and pig experiments. 


TOXICITY OF RAW COTTONSEED KERNELS 


In a large number of experiments with rats we have found that the 
effect of cottonseed products on rats can be predicted accurately when 
chemical tests indicating the presence or absence of gossypol have been 
made (Table I). In order to appreciate the significance of some of the 
experiments we may briefly describe the properties of gossypol. A 
yellow plant pigment having the apparent formula C,, H,, O, (molecu- 
lar weight 532), not soluble in and not extracted by petroleum ether, 
readily soluble in acetone and ether, moderately soluble in alcohol, 
benzene, and chloroform, dissolves readily in sodium hydroxid (NaOH) 
and sodium carbonate (Na,CO,) and is slowly soluble in sodium bicar- 
bonate (NaHCO,). It may be titrated as a dibasic acid with aqueous 
alkalies. It crystallizes well from a mixture of ether and acetic acid as 
a sparingly soluble substance containing 10.1 per cent (1 molecule) of 





1 Data in article not yet published. 
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acetic acid. When dissolved in ether or oil and treated with anilin, it 
forms a bright-yellow insoluble substance which is apparently a di- 
anilin salt of gossypol (1 molecule of gossypol to 2 molecules of anilin) 
CyH.,0,, 2C,H;NH,. This substance is very insoluble in most solvents, 


even aqueous sodium hydroxid. 


TABLE I.—Results of feeding raw cottonseed kernels in milk diets to rats 






































Weight. 
Diet. ag Period. 
Initial. | Final. |Change. 
Gm. Gm. |Percent.| Days. 
Diet 366 (59 per cent of ker- | 43] 133 | 110] —17 7 
nels, 17 per cent of whole- 
milk powder, 10 per cent of 
starch, 14 per cent of lard). 
i ore ne eee 44) 217 179 | —17 7 
ji a ee eet ee 45 | 156] 128] —18 7 
DO ise rcawauacedewds es 46 | 139] 109] —25 7 
Diet 377 (30 per cent of ker- | 71 | 154] 100| —32 18 
nels, 38 per cent of milk- 
powder, 11 per cent of 
starch, 14 per cent of lard, 7 
per cent of butter). 
Ure CeCe 72 | 186| 112] —40 PD 
Diet 378 (28 percentof dry- | 74] 130 87 | —33 23 
heated (110° C.) kernels, 
equivalent to 30 per cent of 
raw, 40 per cent of milk- 
powder; otherwise like diet 
377): 
DPC i cwcelveckweheccress 75| 117 80 | —31 19 
Diet 379 (10 per cent of ker- | 58 | 160} 107 | —33 61 
nels, 50 per cent of milk- 
powder, 12 per cent of | 
starch, 28 per cent of lard). 
MMC ccs vescteveccuvceds 59 | 170| 112 | —34 61 
i ee rte ee ee 60 131 103 | —21 59 
Control diet 364 (6opercentof| 60 | 10s | 122 | +16 20 
milk-powder, 12 per cent of | 
starch, 28 per cent of lard). 
Diet 367 (39 per centofether- | 47 | 112 | 185 | +65 85 
extracted kernels, 17 per 
cent of milk-powder, 10 per 
cent of starch, 34 per cent of 
lard). 
i SR EOE Peer eee 48 | 184] 188] + 2 85 
Ce eer Et ae ere 45 | 128] 177] +38 14 
Gis crciee ain deos deans 461 104! 1591 +53 14 





Remarks. 


Died 11th day. 


Discontinued. 
Recovered on ether- 
extracted kernels. 
Do. 


Died. 


o 8 


Do. 


Do. 
Discontinued. 


Do. 


Subsequently de- 
clined from dis- 
ease. 


Do. 
Were on unextracted 
kernels for 1 week 
previous. 
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TABLE I.—Results of feeding raw cottonseed kernels in milk diets to rats—Continued 





Weight. | 
Diet. Rat |. 


No. 





j Period. Remarks. 


| 
Initial. | Final. Change] 








Gm. Gm. |Per wal Days. 


Diet 368 (20 perc2ntofether- | 51 | 139 | 112 —19 | 6 | Died. 

















extract(equivalent to about 

60 per cent of raw kernels), 

replacing 20 per cent of | 
lard in control diet 364). 

b shaban sia ces neal 52 | 125] ror] —19 8 | Discontinued. 
re re re tite: 53 | 206] 185] —10 8 Do, 
ee ee eT ee 54 | 335 | 16.) —12 8 Do. 

Diet 369 (0.4 percent gossypol| 29] 140] 107 |°—23 8 Do. 
(equivalent to about 20 per 
cent of ether extract), re- | 
placing 0.4 per cent of | 
starch in control diet). | 
SPD sk ealocnas «08st Ss 30 | 113 94 | —16 | 4 Do. 
EO rrr e 31 162 | 144| —11 | 4 Do. 
BOG ik hv ded beew Sues Ges 32 | 233 | “3801 —20 | 7 | Died. 
Diet 373 (0.1 per cent of gos- | 58| 141 102 | —28| 112 | Discontinued. 
sypol added to control diet). | | 
BOs. s. sie tC ventas wee eOS 59 80/} 71] —11 | 108] Died. 
TDD: osens are eedia awn | 60 81| 7o| —13| 112 Do. 
The survivor, rat 58, wasthen | 58} 102 | 138 | +36 21 | Discontinued. 
put on the same diet minus | | 
gossypol. | 








The sparingly soluble compounds of gossypol with acetic acid and 
with anilin have been used to estimate the amount of gossypol present 
in cottonseed kernels. Both methods have given results which show 
that gossypol exists in cottonseed kernels to the extent of approxi- 
mately 0.6 per cent. 

In order to explain the change in toxicity in cottonseed after being 
cooked in the mill, we offer the following hypothesis: Under the action 
of moist heat the gossypol streams from the glands and is spread over the 
seed tissue. Part is oxidized to a less toxic substance which we may for 
convenience call ‘‘D-gossypol;”’ part is left in combination with the bases 
or protein as a salt of gossypol; and part is expressed in the oil. The 
degree to which these changes take place is dependent on the method of 
cooking and the condition of the seed. In dry heating to 100° C. there 
is practically no decomposition of the gossypol. In very dry seeds the 
gossypol may not spread over the seed tissue and be changed unless much 
moisture is added and the cooking prolonged. 

Some quantitative data on the amount of gossypol left in the seed 
have been obtained from samples of kernels cooked various lengths of 
time—s5, 10, 20, and 28 minutes. The percentage of gossypol extracted 
by ether in these cases was, respectively, 0.62, 0.24, 0.10, and 0.07. 
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METHOD OF REMOVING THE TOXIC SUBSTANCE FROM THE ETHER 
EXTRACT 

By treatment of the ether extract of raw kernels with an excess of 
anilin the gossypol is practically quantitatively precipitated. The 
dianilin salt produced is extremely insoluble in most solvents except 
hot anilin and alcoholic potassium hydroxid (KOH). The substance 
itself is not toxic because of its insolubility. It passes through the 
alimentary canal unchanged, as can be seen by a glance at the feces. 
One-half gm. doses of this anilin compound were fed for seven con- 
secutive days to a rabbit without result, and it was also given to rats 
in a milk diet (0.3 percent). The food intake of the rats was not dimin- 
ished; nor were the rats affected perceptibly 

Gossypol “‘acetate’’ was then prepared from this compound as follows: 
The substance was decomposed by means of an alcoholic alkali. The 
anilin was steamed off, and the gossypol was extracted with ether and 
crystallized as the ‘‘acetate’’ by the addition of acetic acid. ‘This was 
fed in amounts (0.25 per cent) equivalent to the anilin compound (0.3 
per cent) fed previously. The rats which had not been affected by the 
anilin compound were promptly affected and consumed but little food 
(see Table IT). 

By passing steam through the extract from which the anilin com- 
pound had separated the excess anilin was removed, and the resultant 
oil did not prove toxic to rats. The result of this experiment has led 
us to believe that gossypol is the only substance in raw cottonseed 
possessing marked toxic properties. This conclusion was indicated 
in our previous experiments (17), wherein we found that the gossypol 
extract freed from gossypol was not toxic. 


TABLE II.—Results of feeding gossypol “‘acetate’’ to rats 




















Weight. ‘| 
Diet. _ AOD SENOS: amen rae Remarks. 
"| tnitial. | Final. | Change. | 
Grams. | creme. Per cent. | Days. 
Diet 436 (gossypol ‘‘acetate’’ (0.25 | 201 | 166} 119 —28 12 | Died. 
per cent) prepared from decompo- 
sition of the insoluble nontoxic | 
gossypol-anilin compound, added 
to the control diet). 
MMe vale Vetere earth eens wees | 202 | 122 gl —25 12 Do. 
bE ee EEL COT ee | 203 | 128 04 —26 14 Do. 
Bis cdtavdos ces kore terees neler 160 | 117 79 —32 14 Do 
‘ 
Diet 448 (12.5 per cent ether extract | x7 | 150] 190 +27 39 | Alive. 
freed from gossypol by treatment | 
with anilin, replacing 12.5 per | 
cent of lard in control diet). 
BR 6c dy dlpesivca cimbayelowwae sees | 175] 155] 190 +25 39] Do. 
BEC Ceuclonotecretasees Catceoh | 94 95} 118 +24 39 | Do. 
Be ie eeidls Kee CHROR MOIR EHR | 96] 124] 167 +35 39 Do. 
Arca neacnhvencawen euecced | go| 122] 137 +12 39 | Do. 
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TOXICITY OF GOSSYPOL TO RABBITS 


In our previous paper (17) most of our feeding experiments with 
gossypol were with the ‘‘acetate,” a crystalline substance containing 
acetic acid in its composition. This product had the same toxic action 
as the product precipitated by petroleum ether; therefore we inferred 
there was no change wrought by crystallization. We have recently 
fed gossypol in amounts equivalent to a toxic weight of cottonseed 
kernels and have found it to produce serious results in every case. Where 
gossypol itself is added to a diet in appreciable amounts, the toxic 
effect is marked. 

Gossypol was mixed with the feed in four forms: (1) Precipitated (by 
petroleum ether), (2) recrystallized “‘acetate” (10.1 per cent of acetic 
acid), (3) ‘“‘free’’ gossypol, a very pure product, and (4) as the sodium 
salt of gossypol (gossypol “‘acetate”’ neutralized with three molecules of 
sodium hydroxid, 10.5 c. c. of N/2 alkali to 1 gm. of substance). The 
results are summarized in Table III. 


TABLE III.—Results of feeding gossypol to rabbits 





























| 
| Weight. Cue Equi- 
it | tity of | Ya!ent | Feed- 
: Rabbit in ex- : 
Diet. : gossy- ing Result. 
No. ™ ; Gain i tracted iod 
| Initial. | Final. or ae ker- | Period. 
loss. “| nels. 
—_— a ——— 
- Grams.|Grams.|Grams.|Grams.|Grams.| Days. 
Gossypol precipitated from 990] 1,490] 1,205] —285| 1.81 200 24 | Died. 
ether solution by petroleum 
ether. | 
SN ss inewnsw ma nbieens eave 996 | 2,440] 2,105 —335 | 2-61 290 26 Do. 
WR SS anNcsesnevessenecsen 998 | 1,075 850 | —225 +68 75 14 Do. 
} 
Recrystallized gossy pol “ace- 994 | 2,330} 2,180] —150 .87 97 14 Do. 
tate.’”’ | 
Bs esi ehessavetaceveecicy 1,001 | 975 820] —155 +47 53 8 Do. 
Gossypol free from acetic acid 2x | 2,000] 1,900] —100| 04 |........ 4 | Died rsth day. 
(o.1 gm. daily per animal, | 
equivalent to about 17 gm. | 
of-raw cottonseed kernels). | 
itbingwencaksvechdnebua 22} 1,500] 1,440] — 60 Sap reer 4| Died. 
Gossypol “acetate’”’.......... 17 950 800 | —150 St MEENA! ne een _ Do. 
re nn ee 18 850 750 | —100 pS Re eee es Died 11th day. 
Sodium salt of gossypol...... 19 | 700 590 | —II0 HME Tess ce icdtne oesipn Died 13th day, 




















A peculiar feature about the effect of gossypol and oftentimes of 
cottonseed kernels is that the animals may eat these substances for 
several days without being affected, then they may suddenly cease eating, 
waste away, and finally die. This was the case with rabbits 21 and 22 
in this experiment. 

In our previous paper (17) we described the nontoxic product obtained 
by oxidation of gossypol by action of air on its alkaline solution. This 
oxidation product may also be formed to some extent in the cooking of 
cottonseed, but there is no evidence of it. The meal still contains con- 














Jan. 14,1918  Gossypol, the Toxic Substance in Cottonseed 89 





siderable amou nts (about 1 per cent) of a substance which we have called 
“D-gossypol.” 

“‘D-gossypol”’ is very slightly soluble in ether. For rabbits ether 
extraction does not render the meal nontoxic. But where we find in the 
meal after 6 hours’ extraction with ether considerable amounts of a 
substance giving color reactions for gossypol or “‘D-gossypol,” it would 
seem that the substance is bound in some way. ‘To explain this we have 
assumed that it may be combined with the protein or some other con- 
stituent. There is some evidence of this in the properties of these sub- 
stances. We have mentioned that gossypol combines with anilin and 
with acetic acid to form less-soluble compounds. Possibly similar com- 
bination may take place with free amino and free carboxyl groups in the 
protein molecule. Marchlewski (8) mentioned the fact: that gossypol 
behaves like tannin toward basic dyes. Tannin also precipitates pro- 
teins as insoluble compounds. A similar combination of gossypol with 
protein may occur in the cooking of cottonseed. 

Confirmatory evidence that these substances may be the cause of 
cottonseed-meal poisoning is given in the previous publications of this 
Station. Thus, when cottonseed meal is treated with an alcoholic 
alkali (19), the meal is rendered nontoxic to rabbits. When the meal 
is fed withiron salts to pigs (18) and rabbits (76), the toxic effect is greatly 
diminished. Pigs fed on cottonseed meal and corn meal (1:3) with 
ferrous sulphate (copperas) did not die in 180 days, whereas without 
ferrous sulphate all the animals died. Rabbits were fed 106 days with 
ferric ammonium citrate without harmful results. We have explained 
this by assuming that the alkali treatment promoted oxidation of the 
gossypol and by assuming that the iron salt formed an insoluble pre- 
cipitate with the gossypol, or possibly assisted the organism to oxidize it. 

The experiments referred to in this article support our previous view 
that gossypol is toxic and that it is the only toxic substance in the raw 
kernels.' Extensive experiments with various meals with rats, rabbits, 
fowls, and swine show that there still remains, even in thoroughly cooked 
meals, an injurious factor. Such thoroughly cooked meals are harmful 
to rabbits and swine, but seem to have little effect on rats and fowls when 
fed on adequate diets. 


PRELIMINARY EXPERIMENTS WITH PIGS 


In order further to test the correctness of our view that cottonseed-meal 
injury is due to a toxic substance rather than to dietary deficiencies, we 
have conducted a few preliminary experiments with small pigs. 

It seemed desirable, in view of the extreme position taken by Rommel 
and Vedder (14) to ascertain (1) whether gossypol is toxic to pigs; (2) 





1 The results of other experiments showing that cooking exerts a profound influence on the toxicity will 
be published at an early date. 
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whether extraction of gossypol from cottonseed by a solvent renders the 
residue nontoxic; (3) whether by the addition of vitamine-containing 
feeds, cottonseed-meal poisoning can be averted. 

Four small Duroc-Jersey pigs were confined in small pens about 3.5 by 
8 feet. The pens had a concrete floor which was bedded with pine 
shavings. ‘The water used was secured from the city mains. The pigs 
were fed the diets given in Table IV. 


TABLE IV.—Percentage composition of diets for pigs 





| 
































Pig 4. 
weet. Pigt.| Pig, | Pigs.| period x | Period 2 | Period 3 
‘ (1st-28th | (2z9th-38th} (39th-4sth 
day). day). day). 

INNES 0.5250 566553 stis esl CMB ecbecestaens es 21.7 30 45-5 
NOE CET Tre 75 | 49.75 ECL, ae capt vy Saree 45: 5 
See ero fee renee ees rere ee eee 
bth ile IONE COLL See. eo Wer en 65 ll eee 
Ether-extracted cottonseed kernels.|......}........ Reicks ¢ Lahn ees Ge 

a er rer ree 13 10 9 

| Eee Ta Sah See () (4) | (4) 





@ About one-half pound daily. 


Pig 2 received at the start 1.22 gm. of gossypol daily. This figure is 
based on yields (about 1 per cent) of crude crystalline gossypol acetate, 
obtained from ‘‘oil-free’” cottonseed kernels. Gossypol ‘‘acetate”’ 
equivalent to the required amount of gossypol was dissolved in ether; the 
acetic acid present was removed from the ether solution by agitation with 
water. The ether solution of gossypol was then spread over a part of 
the corn meal and the ether evaporated. This was no doubt an unneces- 
sary procedure, as we have found no difference in the action of the 
“acetate” and the “‘free” gossypol. 

Pig 3 was fed on cottonseed kernels from which practically all the 
gossypol had been removed by percolation with ether. 

Pig 4 was fed with a view to supplying any deficiency of vitamines in 
the cottonseed meal by wheat bran, whole milk, and some green food, 
chiefly leguminous. It is not possible to give the exact composition of 
the ration of this pig. The green feed (about % pound daily) was not 
alwaysconsumed. By disregarding the green feed eaten and by assuming 
that the milk contained 12 per cent of solids, the composition of the diet 
was approximately as given above. 

Figures 1 and 2 and Tables V to VII summarize the important data of 
the experiment. 
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Fic. 1.—Graphs of the growth of pigs 1, 2,and3. “C. S. K.”=cottonseed kernels. 
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Fic. 2.—Graphs of the gains per week of pigs 1, 2, and 3. ‘!C. S. M.”’= cottonseed meal. 
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TABLE V.—Resulits of feeding various diets to pigs 
Weight. 
Ee Feed. : Result. 
Thitial. Final. Gain. 
Pounds. | Pounds. | Pounds. . 
=z |) Gothommpeed weal oases oso ce ose 29. § 31. 5 2 Died soth day. 
2 MN cisco nc decicatewanac’ 28.25] 27 —1.25 | Died 48th day. 
3 | Ether-extracted cottonseed kernels} 20.75 |% 44.75 | 24 Lived. 
4 | Cottonseed meal, milk, etc........ 19. 5 35 15.5 | Died 4sth day. 
@ Weight of pig 3 onthe soth day. This pig weighed 128 pounds when the experiment was discontinued 
on the rssth day, a daily gain of 0.69 pound. 
TABLE VI.—Weight of cottonseed feed-consumed, by weeks & 
i Pig 3 
Pig tracted Pig 4 
Week. ao Pig 2 (gossypol).> on (ectign 
° seed ker- 
meal). nels). meal), 
Pounds. Gm. ‘ounds. | Pounds. 
Piscgieersinsisiexcanewessq0westodee eC 1. 68 8. 37 age " 3 m2 
DASE LESE URES Or HeeReRRERNee bee a 9g. 76 (2. 15) 1.2 I. 52 
Bs oniak Hab SHEENA Sansa AthA RES RETSES 1. 63 8. 04 (1. 77) I. 75 I. 43 
re a ee eee rene 1. 58 6. 76 (1. 50 2. 18 1. 62 
kts ICTINUR RENSSELAER EN EGET. I. 36 4.06 ( .90 2. 18 2.14 
Dis adeateseew er reansios£ 500.4000 domme alenty I. 27 5. 56 (1. 22) 2. 63 2.8 
WD. scrsa cedars eihlen nx hiekciars seins adriana hate I. 04 3. 50( . 97 2. 53 5 
Total cottonseed feed eaten....... 10. 26 49-95 (10. 13)} 14.07 II. OI 
RG SORE CBN. 0 6:0:5 5 ni5.s.0:si0isince 41.0 40. 5 56. 3 46.0 

















@ Maxtmum estimates are given for pigs 1, 2, and 4 
b Figures in parentheses give the weight (in’ pounds) of oil-free kernels, which correspond to the gossypol 











eaten. 
TABLE VII.—Comparison of post-mortem notes on pigs I, 2, and 44% 
Organ, etc. Pig 1. | Pig 2. Pig 4. 
| 
Lungs............| Congested, edema- | Congested, edcma- | Extremely edema- 
tous. tous. tous, with some 
congestion. 
ee PMI eros. 5.5 scot tl siete asset vase etapa Thrombus. 
Chest cavity... .| 2 to 3 ounces ofserous| 4 ounces of fluid.....} About 16 ounces of 
fluid. fluid. 
Abdominal cav- 
BS Jicieiics da Slight excess of fluid.| Slight excess of fluid.) Slight excess of fluid. 
Small intestines .| Considerable injec- | Deeply injected..... Inflamed areas. 
tion of blood ves- 
sels. 
PO vkscasck cas Sheath swollen...... Sheath swollen, or- | Sheath swollen. 
gan paralyzed, and 
protruding. 
Nutrition........ (Es. cere SLY POO... sive cess Good. 














@ These pigs were examined by Dr. G. A. Roberts, Veterinarian of this Station, 
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GENERAL DISCUSSION 


For the first few days of the experiment all the pigs ate well, and all 
gained in weight. Pigs 1 and 2 occasionally left part of their feed. In 
two weeks’ time all except pig 3 began to show loss of appetite and reg- 
ularly left a portion one-half to one-fourth of their feed. On the’ 
twenty-fifth day the pig 2 (fed gossypol) was quite sick and not able to 
walk well. At this time pig 3 was the thriftiest of the four, while the 
rations of No. 2 and 3 were reduced on account of refusal to eat. On 
the twenty-ninth day the ration of pig 4 was changed to 1 part of cotton- 
seed meal and 2 parts of bran. On the thirty-second day the feed of 
pig 2 waschanged. The wheat bran was replaced by middlings, for which 
the pig had a better appetite. On the thirty-ninth day the wheat bran 
in the ration of pig 4 was replaced by corn meal, the pig getting equal 
parts of cottonseed meal with corn meal. At that time this pig was 
leaving one-half to two-thirds of the wheat-bran mixture. For three or 
four days he ate the new mixture with much better appetite, but then 
refused a large part and died on the forty-fifth day. Pig 3 maintained 
perfect appetite up to the forty-ninth day, when she did not clean up 
the last trace of feed as usual. When removed to the yard to be photo- 
graphed, it was noted that she had an abnormal gait in walking, the 
forelegs showing a tendency to double under her. This animal seemed 
to have a great desire to eat dirt, manure, etc. However, on being 
allowed the freedom of a large lot, the animal soon recovered. She 
was given a little ferrous-sulphate solution, chalk, and milk on the 
fiftieth day. Her normal appetite returned, and in three or four days 
she was able to trot. At no time did this pig show the rough coat and 
lack of appetite that characterized the others. On the fifty-second day 
the feed of cottonseed was increased slightly, and the pig received about 
one-half pint of milk daily for the following nine days. Whether this 
pig was suffering from deficiency of some sort in the ration, from lack of 
exercise, or from the daily intake of a small amount of gossypol in the 
kernels, we are not able to say. Even granting that this pig had a slight 
attack of beriberi, we can reasonably conclude from the experiment 
that the deficiency factor is one quite secondary to the toxicity factor. 
Plate 1 shows the condition of these pigs at various periods of the ex- 
periment. 

This preliminary experiment was originally planned to run for a short 
period, but as the pig on the extracted kernels seemed to be in a path- 
ological condition, in that the forelegs tended to double under her when 
she attempted to run, it seemed desirable to continue the animal on this 
diet. At this time, when pig 1, which had been given the diet most 
closely resembling that of pig 3 in chemical composition, had died in a 
rather emaciated condition, pig 3 was a plump, very-well nourished 
animal (Pl. 1, B). It is quite possible that the above-mentioned condi- 
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tion was due both to a slight toxicity of the extracted kernels and to the 
restricted diet. This condition was remedied, as previously described. 
The animal was continued on the outdoor turf lot for 35 days and then 
removed to a small indoor pen, where for 70 days longer she gained 
steadily. 

Throughout the experiment the daily feed was maintained at 1 per 
cent (of body weight) of extracted kernels plus 3 per cent of corn supple- 
ment. 
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Fic. 3.—Graphs of the growth of pigs 3, 5,6,7,and8. ‘“C.S.M.’’=cottonseed meal: ‘ E.E.C.S. K.”= 
ether-extracted cottonseed kernels. 
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Two other small pigs, No. 7 and 8, were also fed on this diet of ex- 
tracted kernels and corn meal on the same basis as in the previous case. 
On a few days it was necessary to use whole or cracked corn in place of 
corn meal, owing to a lack of meal. The results in general were the same. 
There was fair growth, but after six or eight weeks the pigs lost their 
keen appetites and developed a tendency to squat on their hindquarters 
and to walk stiffly. The growth curves in figure 3 show the general 
results. The gain was fair, 0.581 pound per day for the female and 
0.556 pound for the male pig. The experiment was discontinued on 
the eighty-eighth day. 
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The female pig was observed for a few weeks after the experiment. 
The animal continued to increase in weight, but still retained the squat 
ting tendency. Addition of small amounts of milk and outdoor exer- 
cise did not eliminate this condition. The nutrition of the animal was 
excellent throughout. 

In view of the slight toxicity of the extracted kernels, as shown in our 
rabbit experiments, it is possible that this slightly pathological condition 
may be due to a toxic factor, although with such very young pigs it may 
be due to the limitations of this food mixture. 

No doubt if these pigs had been continued on this diet confined to 
pens, they would have ultimately failed, as do swine fed on restricted 
diet of cereal grains (see Hart and McCollum, 2). This phenomenon, 
however, should not be confused with what is commonly understood as 
cottonseed-meal “injury” or poisoning. 

We do not claim, however, that this diet is an adequate one, and 
it is quite possible that the condition described was due in large part 
to the inadequacy of certain dietary factors. Just what factors are in- 
sufficient in this particular diet is not at present apparent. In consid- 
ering this question we have taken the view, tentatively, that the supply 
of vitamines in cottonseed is similar to that of other seeds and that 
the mineral content is very much better. 

The fact that cottonseed is cooked, and subsequently pressed, raises 
the question, Are the vitamines thus rendered partially inactive or re- 
moved by the crude oil? In answer to this, we may point to the excel- 
lent growth of rats reported by Richardson and Green (z1, 12, 13,) and 
Osborne and Mendel (z0) as evidence that even the cooked meal is as 
well supplied with vitamines as any similar vegetable food. 

With the dietary factors more favorable, as in the cottonseed-meal, 
experiment to be described, probably the pigs would not have manifested 
this stiffness of gait and squatting tendency. It is also of interest to 
compare the mineral content of a diet of cottonseed meal and corn meal 
(1:3) with the ash cortent of a diet found successful for growth in rats 
(See Table VIII.) 


TABLE VIII.—Average mineral content of a diet containing r part of cottonseed meal ard 
3 parts of corn meal; also the analysis of minerals of other materials 








. - | Ma > 
Feed. tem | Ash. | Sm | Sum: | ‘tm. | stam, [ctlorin) ors. | Shur. 
Cottonseed meal...... 36 7.0 1026 |1.66 jo27 lo 55 jo04 | 1.35 | 249 
Cars meals sic. cise ceee. 87 -8 }|.113{.19 | .OF§ | .122 | .07 264 | .20 
Average mixture 1:3.| 15.5 | 2.3 |-14 |-55 |-08 |.22 | .055 [52 -20 
Pig and rat diet A (2).|...... 3-3 | 022 | .335 | .266].275].04r | .248] . 089 
3 1) Beer eee seer . 63 | .029 | .076 | .080 | .009 | .057 | .186] ~141 


Dry skim milk (z)....|...... 7.17 | .488 [1.27 |1.34 | -146].935| -979) +357 


a 
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Rat diet A represents the mineral content of a diet which was found 
successful for growth of pigs on artificial rations by Hart and McCollum 
(2). 

Rat diet B represents the mineral content of a diet which did not pro- 
duce pronounced stunting in rats (4). The diet was satisfactory in other 
factors. 

The recent work of Hogan (3) and of McCollum, Simonds, and Pitz (5) 
indicates that the deficiencies of corn lie in the poor ash content, in poor 
proteins and low amounts of protein, and inadequate amounts of fat 
soluble A. 

Since our pigs on ether-extracted kernels plus corn meal made much 
better gains than could be expected on whole corn alone under these 
conditions, our opinion is confirmed that the addition of this cottonseed 
feed to a corn diet furnishes a greatly improved protein and a mineral 
basis for nutrition. It is then evident that, where death ensues or poor 
growth is manifested, this is a result of an injurious substance rather 
than of dietary deficiencies. 


FURTHER EXPERIMENTS WITH GOSSYPOL 


Gossypol was fed to two other pigs of approximately 50 pounds’ weight. 
In one case a rather large amount was given in the ration. Pig 5 atea 
slop made of 1 pound of a mixture of corn meal and soybean meal (1:3) 
containing 4.5 gm. of gossypol. The pig showed a poor appetite for the 
same amount given the next morning, but ate it slowly after a pint of 
milk was poured into it. Next, a half dose (containing 2.3 gm.) was 
offered, one-half of which was refused. For the next five days the pig 
was offered smaller doses, but refused it all or in part, even when tempted 
to eat by using bran and milk in the feed. The pig showed a good appe- 
tite for other feed that did not contain the gossypol mixture. On the 
fifth, sixth, and seventh days the pig showed no appetite at feed time 
but seemed sluggish and showed a desire to lie down. ‘The pig lost in 
weight. The experiment was then stopped. A control pig, No. 6, fed 
on a similar ration without gossypol showed a good appetite and devel- 
oped no such symptoms. 

After a rest of six days, the previous control pig, No. 6, was used 
for a gossypol experiment, and No. 5 served as the control. Gossypol 
was fed in amounts equivalent to that in 0.5 to 0.6 pound of oil-free 
cottonseed kernels, approximately 2.2 gm. daily. An ether solution of 
gossypol was dried on corn meal and this was mixed with more corn 
meal and wheat bran. The other pig received the same ration without 
gossypol. The gossypol pig ate practically all its feed for a week, and 
then began to show a poor appetite for it and refused part. On the 
eighth day one-half the feed was left. On the ninth and tenth days the 
pig ate scarcely any feed. From the eleventh to the fifteenth day the 
animal was given dry recrystallized gossypol acetate (10 per cent acetic 
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acid) as a finely crystalline powder mixed with the feed in place of gossypol 
evaporated on corn meal. The pig ate it for one day, and then refused it 
as before. By using corn meal only the animal ate one more feed, but 
refused it when repeated. During the last few days of the experiment 
the gossypol animal seemed to be growing weaker and very preceptibly 
thinner. In the last week the animal lost 3 pounds, while the control 
gained 2 pounds. This experiment was discontinued on the fifteenth 
day because of the refusal of the animal to eat. 

In both of these cases of feeding gossypol it was very evident that the 
animals were physiologically affected at an early date. All told not 
over 15 gm. of gossypol were eaten in the first case and not over 22 gm. 
in the second case. These amounts of gossypol are equivalent to about 
4 and 6 pounds of oil-free cottonseed kernels, respectively. 

Besides the direct proof of the existence of a toxic substance in cot- 
tonseed meal, we have a strong argument against the deficiency theory 

‘in the results of feeding rabbits on cottonseed meal treated with boiling 
alcoholic alkali. This treatment, which would be expected to destroy 
the natural vitamines present, so changes the meal that it becomes non- 
toxic to rabbits. This change in toxicity we have shown is explained 
by the ease with which gossypol undergoes oxidation in alkaline solution. 
This was confirmed by feeding to rabbits the products formed by oxida- 
tion of gossypol in alkaline solution by air. 


CAN COTTONSEED-MEAL POISONING BE OVERCOME IN A FAVORABLE 
DIET UNDER FARM CONDITIONS? 


The two largest and oldest pigs (No. 5 and 6) were fed in a turf lot 
about 50 feet square. Grass was abundant, and a good part of the time 
there was water in the lot from frequent rains which also kept the turf 
soft. These pigs were fed on a mixture of equal parts of cottonseed 
meal, corn meal or corn, and wheat bran, with a pint of milk apiece each 
day. The cottonseed meal fed each day was about 1.33 per cent of body 
weight, rather higher than has been the practice at this Station. It was 
thought that for a while, about the fiftieth day, the pigs acted somewhat 
suspiciously. One showed a lack of appetite for the mixture. Its eyes 
seemed partly closed and somewhat watery. The pigs also seemed rather 
short-winded. They retained, however, perfect control of their limbs 
and were able to run very well at all times. Finally, after 160 days of 
high feeding of cottonseed meal, these pigs were put under cover in a 
small pen. ‘The pigs were soon eating sparingly and losing weight. The 
pig which had acted somewhat queerly at times in the experiment 
became sick and died on the one hundred and ninety-eighth day, show- 
ing typical symptoms, although there was also a pneumonic appearance 
of the lungs. The experiment with the other pig was then discontinued. 
On changing this pig’s feed to corn, he began to regain weight. This 
animal was later fed corn, wheat bran, meat scraps, etc. (Table IX.) 

27805°—18——5 
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TaBLE IX.—Results of feeding cottonseed meal to pigs 5 and 6 under favorable conditions. 





























Weight. 
Time of weighing. Gain per day. 
Pig6. | Pigs. 

Pig 6. Pig 5 

Day Pounds. | Pownds. | Pownd. | Pound 
DE TIOE RB) 6 i55 5:0 0 55 58a. ae ide oon 55:5 BOUGL... avnae «|eepiele sie 
eras er lbet tanga caaeasasupiah se eeNset eee 129 112. 5 0.8 0. 67 
BOR ada POIae aay epee ed vicesaiug aan 158 153-5 64 65 
mi 5 histF ABA seb oi SG ATR ERK Rs TCU 150 TAS bes Sr asevbeo was we 
Oe Pee cee eR EEe Toe te eee ee 142 BAN, Vin vive viele cones 
art ‘ee RN arin tori: Snider yer praca te eae 9135 de SER irae 
SS EE COTE tT OT TREE ee RL Woe TEE. ihe scheme cobs needs 
og), SOC Oe Teen OCC SON Or kr Ors a | A SECO Corea 

@ Dead. b Discontinued feeding cottonseed meal. ¢ Slaughtered. 


As long as these pigs were kept in the outdoor lot, no marked symptoms 
of cottonseed-meal poisoning were noted. It was noted that when kept 
indoors they lost both appetite and weight. 

It is evident from our indoor and outdoor experiments that the effect 
of cottonseed meal is more severe on pigs kept in pens, a fact that has 
long been known; however, past records show that typical sudden deaths 
from “acute cottonseed-meal poisoning” may also occur among pigs 
receiving cottonseed meal when on pasture. Such deaths may follow 
excellent gains and may be without previous sickness, often occurring 
when the animals are exercised violently. Consequently, a conclusion 
that the meal was without effect during the outdoor experiment can not 
be drawn. Certainly the subsequent loss in weight after removal from 
the turf is suspicious. It is plausible to suppose that the outdoor con- 
ditions stimulate metabolism so that the animal is enabled to overcome 
or resist the injurious factor. Possibly the difference in effect of cotton- 
seed meal on rats and pigs may be in part explained by the more vigorous 
metabolic activity of the smaller animal. 

In a series of three recent articles, Richardson and Green (11, 12, 23) 
have well shown the high nutritive efficiency of cottonseed meal and flour 
for rats, indicating the economic value of this substance. In some points, 
however, we believe that they have misinterpreted facts. Thus, they 
speak of the flour as a ‘‘highly milled” or ‘‘refined” product and account 
for the apparent slight nutritive respond of the unbolted meal over 
the flour by stating that— 

This suggests a greater amount of the growth-promoting substance associated with 
certain fats in the less highly milled product. 

It seems hardly possible in the case of cottonseed meal to effect such a 
change in nutritive value by mechanical means. We would suggest 
that the difference was accountable on the basis of different conditions 
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in the cooking of the products, as we have found these to be the greatest 
cause of variation in toxicity of meals. 

Richardson and Green (11, p. 316), state in conclusion: 

Our results indicate that cottonseed meal does not contain sufficient minerals for 
growth, is not actively toxic, contains efficient protein and perhaps fat-soluble, growth- 
promoting substances, similar to those of butter fat, but in less adequate quantities. 

Our own extensive unpublished experiments on the toxicity of cotton- 
seed products indicate that the toxicity of cottonseed meals varies with 
the conditions of cooking the raw seed. While we find that the flour 
and thoroughly cooked meals have no apparent toxicity for rats when 
fed in diets supplemented by milk powder, these same products fed in 
unsupplemented diets are inferior to ether-extracted cottonseed kernels. 
Even thoroughly cooked cottonseed meals are definitely injurious to 
rats and pigs. 

The ash analysis of cottonseed flour given by Richardson and Green 
(11, 12, 13) in each of these three articles differs radically in some respects 
from that given by Forbes (1) (Table X). 


TABLE X.—Ash analyses of cottonseed flour 











—- Analysi 

seed flour of cotton- 

Constituent. reg oy Constituent. seed meal 

ardson according 
oad to Forbes. 

Green. 

1 i te Per cent. Ash Per ~~ 

NI oor'g bia 96a s ceed cat ataace nt 5. 50 LPacsiis Se otaineiso full te meee 
Silicte UE OS a ee ene ©. 14 . 
I a caus cduveh ceded sdesveres Wee. © CMMs: . oe. se. . 042 
Sulphur trioxid (SO). . «Ae aicwes Rt, ee + 536 
Phosphorus pentoxid (P10). rr ae he! eee es 
Potassium oxid (K,0). . cthivesavacesp | CCG EEEMGS Cee. tc. 1. 81 
Calcium oid (CaO)..........0..ceesceerses Rr Cee + 291 
Pa weeapee eee ae -25 || Magnesium......... - 599 
PUM CUE COU ie ei ere Na None. || Sodium............ . 283 














Richardson and Green’s data are from an analysis of material left after 
ignition, which, as is well known, causes loss of elements, such as sulphur 
and chlorin. While the elements chlorin and sodium are not necessary 
for plant growth and the amounts present may vary, it seems hardly 
possible that they are entirely lacking in cottonseed flour. They are 
certainly essential to animals. It may be noted that the rats of Richard- 
son and Green ‘‘have grown and maintained body weight for 135 days” 
on a diet containing cottonseed flour as the sole source of minerals. 

In their second article Richardson and Green (12) have attempted to 
repeat some of our work with extracts of cottonseed. Instead of using 
unheated cottonseed kernels, as we did, they used kernels heated to 
120° C. Thus, they fail to find toxic the ether extract of petroleum- 
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ether-extracted kernels. Their results may be due to the influence of 
previously heating the kernels to 120° C., thus possibly decomposing 
some of the gossypol, and to incomplete extraction so that the remain- 
der was left in the three fractions, the extracts and the residue. They 
also assume that the ethyl-ether extract of petroleum-extracted kernels 
is always 2 per cent of the weight of the kernels. This is the case only 
with long-continued extractions. 


SUMMARY 


Raw cottonseed kernels contain about 0.6 per cent of gossypol and are 
highly toxic to rats. Ether extraction renders the material nontoxic 
and gives a highly toxic extract containing about 2 per cent of gossypol. 
Gossypol fed in milk diets in amounts equivalent to those contained in 
the raw cottonseed diets has proved as toxic as raw cottonseed. Gossy- 
pol may be quantitatively removed from the ether extract by precipita- 
tion as its insoluble anilin compound. The extract is thus rendered non- 
toxic to rats. The insoluble anilin compound of gossypol is not toxic 
because of its insolubility. Gossypol prepared from this compound 
possesses its original toxic properties. 

Cottonseed meal is much less toxic than raw cottonseed, owing mainly 
to the oxidation of gossypol during cooking. 

Cottonseed meal, ether-extracted cottonseed, and gossypol have been 
fed to small pigs in pens under comparable conditions. Cottonseed 
meal has been found definitely injurious, while the ether-extracted raw 
seed does not appear to cause cottonseed-meal poisoning. Gossypol has 
been found toxic to pigs. 

If the presence of an injurious substance in the meal is disregarded, a 
diet of cottonseed meal and corn meal has nutritive limitations which 
may, under restricted conditions of living, lead to failure of pigs to thrive. 
Such failure is a phenomenon distinct from cottonseed-meal poisoning. 

Outdoor exercise, access to forage and soil, and improved diets tend 
to postpone or avert cottonseed-meal poisoning of swine. The defi- 
ciency hypothesis that cottonseed-meal poisoning of swine is similar to 
beriberi is untenable. 
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PLATE 1 
Effect of feeding cottonseed feeds to pigs: 


A.—Pig 3, showing condition on the ninety-fourth day on a feed containing ether- 
extracted cottonseed kernels. 

B.—Pig 3, showing condition on the fiftieth day. 

C.—Pig 4, showing condition on the twenty-seventh day on a feed containing 
vitamines. 

D.—Pig 1, showing condition on the fiftieth day on a feed containing cottonseed 
meal. See figure G. 

E.—Pig 2, showing condition on the twenty-seventh day on a feed containing 
gossypol. 

F.—Pig 3, showing condition on the twenty-seventh day on a feed containing 
ether-extracted cottonseed kernels. 

G.—Pig 1, showing condition on the fiftieth day on a feed containing cottonseed 
meal. 

(102) 
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FRUIT-FLY PARASITISM IN HAWAII DURING 1916 


By C. E. PEMBERTON, Assistant Rotomoiegiet, and H. F. Wa..arp, Fruit-F ly Quar- 
antine Inspector, Mediterranean Fruit-Fly Investigations, Bureau of Entomology, 
United States Department of Agriculture 


Since the introduction of parasites of the Mediterranean fruit fly 
(Ceratitis capitata Wiedemann) into the Territory of Hawaii in 1913, by 
the Territorial Board of Agriculture and Forestry, more or less continuous 
notes have been kept, from month to month, indicating the extent of 
parasitism exerted upon the larve of the fruit fly by these parasites and 
by other species subsequently brought in. Papers presenting sum- 
maries of these records, separately for the years 19141 and 1915,? have 
already been published. Opportunity for special investigations of fruit- 
fly parasites in Hawaii in 1916 has made possible the accumulation of 
much careful data on fruit-fly parasitism during this year, of much the 
same nature as that given in the publications just cited, and it is the pur- 
pose of this paper to give, possibly more in detail, some results of the work 
in 1916. 

It is felt that a separate record of the conditions of parasitism as existing 
in Hawaii in 1916, three years after the first and probably the most 
important of these introductions, will be of no little value and interest to 
entomologists, by way of comparison with the parasitism in 1914 and 
1915, for interesting developments in connection with the question of 
general parasite introductions and asa necessary contribution to the history 
of fruit-fly parasitism in Hawaii. 

The tabulation during most of the year of the exact degree of infesta- 
tion of large quantities of host fruits of the fruit fly, from many localities, 
has been an important part of this work (Tables I-III). All fruits col- 
lected for parasitism records on their contained maggots have been 
accurately counted and placed in separate boxes over sand. The fruit 
is then kept in the boxes until practically all the contained fruit-fly 
larve have developed, emerged, and entered the sand below for pupation. 
A record of the total number of larve thus developing and pupating is 
secured. The larve quickly pupate after leaving the fruit. The pupe 
are placed in vials and later carefully counted in determining the degree 
to which they have been parasitized. The filing of exact data of this 
nature from year to year is necessarily the most reliable and positive 
method of ascertaining the actual degree to which the parasites now 





! Back, E. A., and Pemperton,C. E. PARASITISM AMONG THE LARV OF THE MEDITERRANEAN FRUIT 
FLY (C. CAPITATA) IN HAWAILIN 1914. Jn Bien. Rpt. Bd. Comrs. Agr. and Forestry Hawaii, 1913/14, p. 
Is37161. 1915. 

2 PARASITISM AMONG THE LARV At OF THE MEDITERRANEAN FRUIT FLY (C. CAPITATA) IN HAWAII 
IN 1915. Jn Jour. Econ. Ent., v. 9, m0. 2, p. 306-311. 1916. 
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established are contributing toward a control of the fruit fly. Such data 
not only indicate the extent of fruit infestation from various localities, 
but also the amount of parasitism among the larve from month to month 
and the seasonal efficiency of each parasite. 

Seasonal differences in the value and prolificness of certain species of 
the introduced parasites have been most striking. This is suggested by 
an examination of any of the parasite notes from almost any locality 
and by a comparison of emergences of different species for each month 
of the year. But most convincing proof that seasonal differences exist 
is obtained by the inspection of records from fruit collected from the same 
localities month by month. Some species of trees in Hawaii bear fruit, 
normally a host of the fruit fly, almost continuously throughout the year. 
The systematic collection of fruit from such trees and the filing of exact 
data bearing on the extent of parasitism of fruit-fly larve secured from 
such individual trees throughout the year have thrown most light upon 
the seasonal values of the different parasites. 

Mention of possible fluctuations in the abundance of different species 
has already been made.’ The work of 1916, wherein it has been possible 
to concentrate parasites in fruit collections from individual trees, has 
most impressively shown the rise of the parasite Diachasma tryom 
Cameron in the summer and fall of the year and its certain decline during 
the winter and particularly the spring months. Changes in temperature, 
of no great magnitude, alone seem responsible for this. The parasite 
Opius humilis Silvestri, more hardy and prolific than any of the other 
introduced species, has been overshadowed by the other species, partic- 
ularly by D. tryoni, and has had its seasonal rise and fall directly the 
réverse and entirely dependent upon the rise and fall of this species of 
Diachasma. ‘The slight seasonal changes have little visible effect upon 
the activities of Opius humilis, however, for in the winter and spring, 
with the decrease in abundance of D. tryoni, it rapidly ascends and be- 
comes the most effective check upon the fruit fly (Table III). These 
interrelations are treated elsewhere by the writers. 

The problem of control of the fruit fly in Hawaii through parasites is 
only partially solved. The four species already established are accom- 
plishing a certain control, particularly in the coffee districts, but a casual 
survey of the extent of infestation of most host fruits as shown in Table I 
will convince one of the continued destructiveness of this pest in Hawaii. 
An average parasitism of 40 per cent of all of the larve developing is, 
numerically considered, of much importance; but from the standpoint 
of the practical needs of the horticulturist it brings little relief. 





1 Back, E. A., and PemsBerton, C. E. PARASITISM AMONG THE LARV.S OF THE MEDITERRANEAN FRUIT 
FLY (C. CAPITATA) IN HAWAILIN 191s. Jn Jour. Econ. Ent., v. 9, m0. 2, p. 306-311. 1916. 








Jen. 4, 19:8 Frutt-Fly Parasitism in Hawatt during 1916 105 





TABLE I.—Extent of infestation of host fruits by larve of Ceratitis capatata in Hawatt 
d 














luring 1916 
Number of | Average 

" Host fruit. “Taits cor | larva of C. | number o 

. emerging. | fruit. 
Kamani (Terminalia catappa)..............seeeeeeee0s] 15,723 | 149,415 9.5 
Meow See) Rrra eer ere ree I, 317 2, 291 1.7 
oN a OS) re errr 41, 605 21, 224 ay 
Strawberry guava (Psidium cattleianum)..............| 13,825 22,017 1.6 
Black m alan (Terminalia chebula)............... 6, 615 46, 639 7.0 
WOOGIE CE PUNE DOTIER). « «sin vices ckbd emegcescccedsays 13, 738 20. 5 
Rose-apple (Eugenia jambos)... Di daeia'ecuec Nein I, 25 7, OOI 5.5 
Chrysophyllum monopyrenum. . decanscicy an 1,956 4 034 2.0 
Brazilian plum - ugenia braziliensis). .. Eas i sv scmuusWens 4 398 3, 808 8 
French rk (Eugenia uniflora). ..............0000s 7,627 6, 617 8 
Mimusops €lengi.......scccescccesrencccneeeneeenes 11, 883 63, 017 5-3 
RON NING oo ie ch.i'e's die Sele «0 50 9.8 ois o's AKRAM 77 240 3-1 
Kamani (Calophyllum inophyllum)...........0.000005 218 737 %3 
Bestill (CT ACUUS NGIONG) «3... cise os occ ecvnewenene I, 532 5) 540 3-6 
MTT COIN Foe 05 655 oo ob S Ge oe cceees sees 159 214 1.3 
Chinese orange (Citrus japonica)...........seeeeeeees a 4, 843 “3 
PORN CNET OINEIR. 6.6 e050 is case ho cones cones WErRbD 5, 296 9, 032 z. i 

Guava (Psidiuns Guajava). i... ..cccoscccccccvcevosese I, 791 12, 248 6. 








Table I shows few fruits that have a yearly average infestation of less 
than two larve per fruit. Considering the large quantity of fruits col- 
lected during the year, from which the records have been made, an aver- 
age of two larve per fruit is high. It means that great numbers of fruits 
from all localities are nearly always heavily infested. The fruits col- 
lected for such a record are not selected with the purpose of obtaining only 
heavily infested fruits or only sound fruits. All available fruits that have 
matured are gathered and brought in whether infested or not. In this 
manner the exact average condition of fruit-fly abundance, injury, and 
parasitism is obtained. 

To refer again to the tables particular attention should be called to the 
mango (Mangifera indica), guava (Psidium guajava), Mimusops elengi, 
Noronhia emarginata, and the Chinese orange (Citrus japonica). Great 
numbers of fruit-fly larve develop in these fruits and are but slightly 
parasitized, as shown in the total column for these fruits in Table II. 
Certain characters of these fruits prevent the parasites from reaching the 
larve within. This in part accounts for the constant presence of this 
pest, in spite of the establishment of parasites well adapted to the condi- 
tions of the country and of great prolifieness. 
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TABLE II.—Percentage of larval parasitism of Ceratitis capitata in Hawaii, 19164 





Num- Percentage of parasitism. 
ber of 
larve 


_ | emerg- 

Host fruit. Month of ast ing Dia- ia- | Tetras- 
: during asian tichus 

— tryoni. giffar- 


days. 








Kamani (Terminalia catappa) eT hen 3. 
Do 2,792 

-| 9, 558 
I, 391 
3, 094 
+f 3, 569 
.| 4,017 
«| 3, §26 


November... . 
December. ... 


PUSH PSO SCS PLS OS Ot VP 5 


Lal 


November.... 
October 

November.... 
December. .. . 





i. =< = © 


FE ¢ 





wn 








December. nt, 
anuary....... 





pPouunn o 
PEDO SIN YP MONS 


8. 
April.........) 25) 64. | 
May ‘ arg! 10.5! 32.4) 
a Most of the fruits represented in this table were collected about Honolulu at low elevations; the coffee, 
however, was collected on the island of Hawaii, in addition to localities in Honolulu, and much of it came 
from points 1,000 to 2,000 feet above sea level. 


6 The June collection of coffee came from the Waianae Mountains, where only Opius humilis was 
established. 
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TABLE II.—Percentage of larval parasitism of Ceratitis capitata in Hawaii, 1977—Con. 




















Num! Percentage of parasitism. 
ber of 
larve 
: onth of col- | “™ers- : 
anita. ection. | gSMEe| Opiur | Dio | Dia | Tear! 
first umi- | chasma| “Aig. | giffar- ‘otal. 
2to6 lis. | tryoni. wayi. | dianus. 
days 
Prench CHASER. 6. 6 «os a6 0.00% TRG... crocs ee SS} Qa iste. %.. 22.4 
IOs pc COCR, § once narndee $3 RG icon ck ers Ge RGT £6 RS bi icss 51.5 
BMRA r lier ecotcexescctes December....| 862] 3.4] 10.7] 84 |...... 22.5 
Mimusops elengi...... January. . ae? oy se eRe wens 4.9 
ee FP ee errs ce February. Biles. (Wwicatsichvaxdivecapeleeel 
ee er Cererern f 1 ae PO A RE Ae Pye 3. 5 
Ree e rtoree April. . my St4, B41...... or} .o2] 843 
ee eee oe |’ ee eee 2, 535] 10.0 ae -Z | 10.9 
Ochrosia elliptica............ eee Yoel 36.6 | 36:5 Bas [...... 75.6 
Pt Seren, Pereree Ce 1 ere 1660) 5 § eS feces 44.3 
Kamani (Calophyllum ino- 
yee) Nees cub bcd Osis anuaty......| 819 | See 2 2 1.2 
ORD emery re Se eee os” 
1 ers ere April... ge) | er eee Tinea 47 
es s engedd. wode von ove December 116 3) ee 8 
| ee i eee We BM pik << chavs wae 16.6 | 22.1 
Re canudeushecenese wae Lo RSE Cer ees cileccesdlevescsl. 30 
SRR eRe arin? MBS ccseces oa “KOT GOLGS |....:. 25.8 
bE ee ee eee eer August..... 173} 1.9] 3-4|2.3 | 1.7 | 18.3 
Bac shee seo eek ncaneues September. . 274, 3.6] 2.5 j22.6 | 5.8 | 34.5 
is ain. Galdanailh October ..... 392; 3-3] 3-3 |19-1 | 9.6 | 35.3 
pO November... . RE FRR EE 39.2 | 712 | 46.3 
i ype Sar Sitar. December....) 159) 3.2 /...... 16.9 |13.8 | 31.9 
Averrhoa carambola......... September... Cd ee eee eee 40. 6 
TU it E Ak eG On en October ..... Oe Ae me 
Chinese orange..............| January......| 143 4.1 |...... ok te) 4.8 
EOC EOR EET) fl gert artes SAG ind ahctewe «  rhaey-< .3 
Re ee July.. C ae MR SC Sy ae 12.8 
BPPcL et iveerccreckes ews August ...... | ed ee ol ey och (eas 8.0 
Bi acid ish shreds wl ts} September BOG: sche sa pnahexd> «4 23. 6 
Noronhia emarginata...... |” 1, 767 Ol  SeOb Oe isccs 1.75 
Pre ca eeedare set ceeees July.. 853 re oe ae aS 
NNR es 655 eo beheading oan eo Pee 403} 3.4 6 Ode gsl ds abcd dey 3.8 
ip Sebi Re hae 5 Ses Oc.04 June.. 781) 2.0 th, See ee 
BEM cs coeshe cece cenctNes FO ce ae eT Be q [eevee 6. 5 
Be nidis. dds ord cere eas September...| 1,670) 5.2 | 2.1 eee 7. 35 
De iy wih 4 06 5 ES eae oS October ..... Me 6.6 lisnus ee Sr 4.6 























The data in Tables I and II covering the guava are of unusual interest. 
This shrub grows wild and luxuriantly over most of the uncultivated 
portions of the islands up to an elevation of 1,500 to 2,000 feet, and fruits 
throughout the year. It is not generally considered by the layman of 
Hawaii as a favored host of the fruit fly, though of the 18 host fruits 
given in Table I, it stands fourth in degree of infestation, showing, from 
1,791 fruits collected during the year, an average infestation of 6.8 larve 
per fruit. Infestation of this fruit is not easily detected until it has 
decayed. The larve are small and nearly all inconspicuous at the time 
the fruits are picked and eaten or converted into preserves or jelly. 
This fruit, though heavily infested in most localities, protects the larve 
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from parasite attack and thus constantly liberates great numbers of 
flies throughout the year and serves but in a small measure toward the 
building up of favorable quantities of parasites. 


TABLE III.—Total parasitism by month of all larve of Ceratitis capitata collectedin 
Hawaii during 1916 





Percentage of parasitism. 
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A comparison of fruit-fly parasitism data secured during the years 
1914, 1915, and 1916 would indicate that the parasites now present in 
the Territory have reached their maximum degree of development and 
can hardly be expected to attain a greater control of the fruit fly than 
that evidenced in 1916. There has been some variation during the past 
three years in the activities of the different species introduced, as already 
noted in regard to the fluctuations in abundance of Diachasma tryoni and 
Opius humilis; but the check upon the work of this pest by the present 
parasites can hardly exceed its present limits. Some hope, however, is 
yet felt for the parasite Tetrastichus giffardianus Silvestri. It has grad- 
ually increased in numbers about Honolulu since its establishment late 
in 1914. Certain valuable points in its favor may enable it, after further 
acclimatization and general adaptation to new environment, to exceed 
the work of the braconids and thus increase the total average parasitism. 





